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(54) Method of making coating layers containing photocatalyst and a photocatalyst coating film 
formed tfieretay 

(57) A film which is improved in the resistance to 
fouling, the durability, and the transparency and has a 
photocatalytic function is provided by a method of mak- 
ing photocatalyst contained coating layers which com- 
prises the steps of forming on the surface of an organic 
film an (under)coating of a coating composition com- 
posed mainly of at least one component (a) selected 
from organosilanes. hydrolyzates of the organosilanes, 
and condensates of the organosilanes and, when 
desired, a polymer component (b) having a silyl group 
containing silicon atoms bonded with a hydrolytic group 
and/or a hydroxy group, and forming on the (under)coat- 
ing an (over)coating of a coating composition composed 
mainly of the component (a), a photocatalyst and. if 
desired, the component (b). 



CM 
< 

oo 

CO 

CM 
CsJ 



□L 
LU 



Primod by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



RN<;nooin: <f=p 1 02231 8A2 i > 



EP1 022 318 A2 



Descripti n 

Reld f the Invention 

5 [0001] The present invention relates to a method of making photocatalyst contained coating layers to provide a film 
which is improved in the resistance to fouling, the durability, and the transparency while having a photocatalytic function, 
and to a photocatalyst coating film formed by the method. 

Background of the invention 

10 

[0002] It has lately been desired to provide a coating composition for forming a coating which is improved in the 
resistance to climate, the resistance to fouling, arxJ the resistance to chemicals while being high in the physical hard- 
ness. It is also anticipated that such compositions should t>e arranged favorable for common use. Some conventional 
compositions composed mainly of a sllyl-based vinyl resin and an organosilane compound are disclosed in Japanese 
75 Patent Uid-open Put>lications {Hei)01 -69673 and {Hei)01 -69674 where fundamental materials for making coatings are 
limited. Also, similar inventions are disclosed in Japanese Patent Laid-open Publications (Hei)04-1081 72 and (Hei)04- 
1 17473 where fundamental materials are widely selected but their details for coating performances are not definitely 
described. 

[0003] Organosilane coating materials have technically been developed for use as maintenance-free coating mate- 
20 rials which are advantageous for the resistance to climate (and sunlight), fouling, and so forth. The demand for inprov- 
ing the performance of organosilane coaling materials is overwhelmingly increased. Therefore, it is now desired to 
provide coating materials which are improved in the coating appearance, tiie adhesivity, tiie resistance to climate, heat, 
alkalis, organic chemicals, moisture, and (hot) water, the insulating property, the abrasion resistance, the resistance to 
fouling, and so forth and are thus capable of forming a coatir>g of a higher hardness. 
25 [0004] Particularly for improving tiie resistance to fouling, it is known to make the surface of a coating hydrophilic. 
For example, the addition of a hydrophilic material or a water-soluble material is proposed. However, such a hydrophilic 
material or a water-soluble material may gradually be deteriorated when exposed to light and washed away with water, 
hence failing to maintain the level of hydrophilic property of the coating at the surface throughout a duration of service 
time. 

30 [0005] Also, a variety of coating components including photocatalytic materials have been provkJed. One of tiiem 
is. for example, a component for making a photocatalytic titan oxide coating composed mainly of titan oxkie, hydrdyzate 
of a hydrolytic silicon conpound (alkyi silicate or silicon halogenkle), and a solvent (water or alcohol) (See Japanese 
Patent Ukl-open Publication (Hei)8-164334). Another is a component treated at the surface for provkJing anti-baderia 
and anti-mycotic properties and comprising a silicon compound having at least two alkoxy groups, a titan or zirconium 

35 compound having at least two alkoxy groups, and a hydrophPic non-organic powder e.g. of titan oxfcle processed with 
alkoxysilane and/or polysiloxane having at least two alkoxy groups (See Japanese Patent LakJ-open PuWfoation (Hei)8- 
1 76527). Moreover, a method is known for making a non-organic coating by producing a coating from a Iqud mixture 
of a powder having a photocatalytic function and containing a non-organic paint which is prepared from 20 to 200 parts 
by weight of tetra-alkoxysilane, 1 00 parts by weight of tri-alkoxysilane, and from 0 to 60 parts by weight of dialkoxysilane 

40 and of which tiie weight-average molecular weight based on polystyrene is higher than 900 and processing tfie coating 
witii an acki or an alkali (See Japanese Patent Laid-open Publication (Hei)d-259891). 

[0006] However, the compositions for making a coating and the liquid mixture are intended only to provkJe anti-t>ac- 
terial and anti-mycotic properties, remove odors, and decompose toxk; substances in the alkoxysilane and/or polysi- 
loxane containing a photocatalyst and a guankJyf group. In ^ition to the above, the above mentioned arts fail to 
45 specify totally the essential characteristics of the resultant organosilane coating including the hardness, the adhesivity. 
and the resistance to alkalis, organic chemicals, climate, and fouling. 

[0007] Further disclosed are a composition adapted for use as a cog composition which satisfies the requirements 
for performance of an organosilane coating material and composed mainly of a partial corKlensate of organosilane, an 
aqueous dispersion of colloklal silica, and a silicon-modified acrylic resin (See Japanese Patent Laid-open Publication 
so (Sho)60-1 35465). a composition composed mainly of a condensate of organosilane, a chelate compound of zirconium 
alkoxide. ard a hydrolytic silyl-based vinyl resin (Japanese Patent LaW-open Pul^lication (Sho)64-1 769). and a com- 
pound composed mainly of a condensate of organosilane. a colloidal alumina, and a hydrolytfc silyl-t>ased vinyl resin 
(See U S. Patent No. 4,904.721). 

[0008] However, coatings made of tiie conpositions disclosed in (Sho)60-1 35465 and U.S. Patent No. 4.904.721 
55 have tiie disadvantage that their glittering property n^ay be declined wh n they are exposed to ultraviolet light for a con- 
skJerable length of time. Also, the corrposition disclosed in (Sho)64-1769 is low in the storage stability; it may easily be 
turned to gel within a short period of time when its soiki density is increased. 

[0009] We, tfie inventors, have invented a composition for coating which includes a hydrolyzate and/or a partial con- 
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densate of organosilane, a vinyl resin having a silyl group containing silicon atoms bonded with a hydroxy group and/or 
a hydrolyzate. a metallic chelate compound, p-diketone and/or p-ketoester (See Japanese Patent Laid-open Publication 
(Hei)5-345877). While our composition has a favorable balance over the coating characteristics required for any orga- 
nosilane coating material, more inprovement of the coating characteristics shall be required. 

5 [0010] Moreover, a self-cleaning film having a surface layer provided on a film substrate and containing substan- 
tially transparent particles of a photocatalytic oxide is disclosed in Japanese Patent Laid-open Publication (Hei)9- 
2271 61 . The f Sm may however be deteriorated by the effect of photocatalytic actions as being doubtful in the long-term 
durability. Also, a photocatalytic sheet having a photocatalytic coating formed on its upper surface and provided €rt its 
lower surface with an adhesive coating for attaching to another device or material to offer a photocatalytic function is 

10 disclosed in Japanese Patent Laid-open Publication (Hei)9-313887. Similarly, the sheet may however be deteriorated 
by the effect of photocatalytic actions as being doubtful in the long-term durability. 

Summary of the Invention 



75 [0011] The present invention has t>een invented in view of overcoming the foregoing technical drawt^acks of the 
prior arts and its object is to provide a method of making photocatalyst contained coating layers to provide a film which 
is inproved in the resistance to fouling, the durability, and the transparency and has a photocatalytic function while th 
coating is easily applied on an organic film sU>strate, and provide a photocatalyst coating film produced by the method. 
[001 2] The method of making photocatalyst contained coating layers, according to the present invention, comprises 

20 the steps of providing a coating layer of the composition (i) or (ii) on the surface of an organic film and providing a coat- 
ing layer of the composition (I) or (IQ on the coating layer, wherein: 

the corrpositon (0 is a coating composition containing at least one component (a) selected from organosilanes. 
hydrolyzates of the organosilanes, and condensates of the organosilanes represented by Formula 1 

(R^)nSi(OR2)^„ (1) 

(wherein, R"" is a monovalent organic group having 1 to 8 cartx>n atoms: when two exist they are either identical to 
or different from each other; Is an alkyl group having 1 to 5 cart>on atoms or an acyl group having 1 to 6 cartxm 
30 atoms: when two exist, they are either identical to or different from each other; and n is an integer ranging from 0 
to 2); 

the corrposition (ii) is a coating composition containing the component (a) and a pol ymer compo nent (b) having a 
silyl group having silicon atoms bonded with a hydrblytic group and/or a hydroxy group; 
the composition (I) is a coating composition containing the component (a) and a photocatalyst (c); and 
35 the composition (II) Is a coating composition containing the component (a), the component (b). and the photocata- 
lyst (c). 



40 



45 



[0013] The componerrtjbjjn ttie composition (ii) may be at least a substance selected from polymers having a 
structural unit expressed by Fbrnxila 2 



r3 



I I 

(c— c)— 



. (2) 



so (wherein, to R^ are CmV2ni+i. ni Is an integer ranging from 0 to 5, and Y is selected from F. H. and CI separately) 
anH/nr a structural unit expressed by Fornwla 3 



55 



BNSOOCID: <EP 10223t8A2J_> 



3 



EP1 022 318 A2 



I I ..-(3) 

(C— o — 

I I 
R^ O 

I 

Rf 



(wher in, R| is an alkyl group or an alkoxyalykyl group having fluorine atoms and to are analogous to those in 
Formula 2 or may be nxxdif ied without departing from the term of analogy), and simultaneously having a silyl group hav- 
ing silicon atoms kx^nded with a hydrolytic group and/or a hydroxy group. 

[0014] The component (b) in the composition (II) may be at least a substance selected from polymers having a 

structural unit expressed by Formula 2 and/or a structural unit expressed by Formula 3 and simultaneously having a silyl 

group containing silicon atoms bonded with a hydrolytic group andJor a hydroxy group. 

[001 5] The composition (i) or (ii) may further contain an idtravidet light absorber (d). 

[001 6] The composition (0 or (10 may further contain a colloidal silica arxi/or a colloidal alumir» (e). 

[001 71 The composition (i) or (ii) may further contain a colloidal silica and/or a colloidal alumina (e). 

[00181 The component (a) in at least one of the compositions (0. 00. (I), and (II) may partially or at its entirety have 

an SiO bond and a sfloxane oligomer of which the weight average molecular weight ranges from 300 to 100,000. 

(001 91 Also, at least one of the compositions (i) (ii), (I), and (II) may preferably have a curing catalyst (f). 

[00201 The curing catalyst (f) may preferat>ly be an organic metal compound. 

[0021 1 At least one of the compositions (i). Oi). (I), and (II) may preferably contain at least a compound selected from 
p-diketones and p-ketoesters (g) expressed by Forrrtula 4 

R^COCHgCOR^ (4) 

(wherein, R® is a monovalent hydrocartx>n group having 1 to 6 cariDon atoms, such as methyl, ethyl, n-propyl, i-propyl. 
n-butyl. sec-butyl, t-butyl, n-pentyl. n-hexyl, cydohexyl, or phenyl, and R'^ Is either a nx>novalent hydrocartx)n group 
having 1 to 6 cartoon atoms, like R®, or an alkoxy group having 1 to 16 cartxDn atoms, such as methoxy, ethoxy. n^jro- 
poxy, i-propoxy. n-txjtoxy. sec-butoxy, t-txJtoxy. Iauryk)xy. or stearyloxy). 

[00221 The photocatalyst coating film according to the present invention is produced by providing coating layers on 
the surface of an organic film with the use of a method of making photocatalyst contained coating layers defined above. 

Detailed Description of the Preferred Embodiments 

[00231 The present invention will now be desaibed in a sequence. 

CompositiQn (I) 

[0024] The composition (Q is a coating composition containing the following corrponents (a) and (c). 
Ck>mponent (a) 

[00251 The component (a) is at least a substance selected from organosilanes denoted by Formula 1 (referred to 
as organosilanes (1) hereinafter), hydrolyzates of the organosilanes (1), and condensates of the organosilanes (1), 
which acts as a twriding agent in the composition according to the present invention. More specifically, the component 
(a) may be of one of the three group>s or a n iixture of any two groups or a mixture of ad the three groups. 
[00261 Be noted that the hydrolyzate of an orgarTosiLEirte ( I ) Is not limited to a particular one where all the OR^ gro 
ups. generally two to four, in the organosilane (1) have been hydrolyzated Ixrt may be prepared where one or two or 
nwre of the groups have been hydrolyzated or may be a mixture of those groups. 

[00271 The condensate of an organosilane (1) has an Si-O-Si b ond where the silanol group in a hydrolyzate of the 
organosilane (1) was condensed. K is not mandatory to condense all the silanol groups. The concept of a condensate 
of tile organosilane (1 ) according to tiie present invention includes one where only a few of the silanol groups have been 
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condensed and a mixture of condensates whose levels of condensation are d'rfferent. 

[0028] In Formula 1 , characteristic examples of the monovalent orgarac group of containing 1 to 8 caitK)n atoms 
are, for example, an alkyi group such as methyl, n-propyl, i-propyl. n-butyl. i-butyl. sec-butyi. t-txjtyl. n-hexyl. n-heptyl. 
n-octyl. or 2-etylhexyl; an acyl group such as acetyl, propionyl. butyryl, vaieryl. benzoyl, trioyl. or caproyi; a vinyl group; 

5 an aryl group: a cyclohexyl group; a phenyl group; an epoxy group; a glycidyl group; a (meth-)acryloxy group; an ureide 
group; an amide group; a f luoroacetoamide group; and an isocyanate group as well as their substrtu^ derivatives. 
[0029] The substituent group in the substituent derivative of may be selected of a set of halogen atoms, a sut>- 
sttuted or not-substituted amino group, a hydroxy groip. a mercapto group, an Isocyanate group, a glyddoxy group, a 
3.4-epoxycyclohexyl group, a (meth-)acryloxy group, an ureide group, and an ammonium base. The number of cartx)n 

10 atoms in the substituent derivative of R^ including the cartxjn atoms in the substituent group is not greater than eight. 
[0030] When two R1 groups exist in Forrrajla 1 . they may be either identical or different. 

[0031] The alkyI group of R^ containing 1 to 5 carton atoms may be. for example, methyl, ethyl, n-propyl, i-propyl, 
n-txjtyl. i-butyl. sec-t)utyl. t-butyl. and PHpentyl. The acyl group may be, for example, acetyl, propionyl. butyryl. vaieryl, 
and caproyi. 

1^ [0032] Two or more of the R^ groups in Formula 1 may be either identical or different from each other. 

[0033] Characteristic examples of the organosilane (1) are tetra-alKoxysilanes including tetramethoxysilane. tetra- 
ethoxysilane, tetra-n-propoxysilane. tetra-i-propoxysilane, and tetra-n-butoxysilane; trialkoxysilane including methyl-tri- 
methoxysilane, methyl triethoxysilane, ethyl-trimethoxysilane, n-propyl-trimethoxysilane, n-propyl -fri ethoxysilane. i- 
propyl-triethoxysilane, i-propyl-trimethoxysilane, i-propyl-triethoxysilan©. n-butyl-trimethoxysilane, n-butyl-triethoxysi- 

20 lane, n-pentyl-trimethoxysilane, n-hexyl-trimethoxysilane, n-heptyl-trimethoxysilane, n-ctyttrimethoxysilane. vinyl-tri- 
methoxysilane. vinyttriethoxysilane. cyclohexyl-trimethoxysilane, cydohexyl-triethoxy&ilane. phenyl-trimethoxysilane, 
phenyl-triethoxysilane, 3-chloropropyl-trimethoxysilane, 3-chloropropyi-triethoxysilane. 3.3,3-trifluoropropyl-trinnethox- 
ysilane, 3,3,3-trifluoropropyl-triethQxysilane, 3-aminopropyi-trimethoxysilane. 3-aminopropyl -triethoxysilane, 2-hydrox- 
yethyl-trimethoxysilane, 2-hydroxyethyl-triethoxysilane, 2-hydraxypropyl-trimethaxysilane, 2-hydroxypropyle- 

25 triethoxysilane. 3-hydroxypropyl-trimethoxysilane. 3-hydroxypropyl-triethoxysilane, 3-mercaptopropyl-trimethoxysilane. 
3-mercaptopropyl-triethoxysilane. 3-isocianatepropyl-trimethoxysilane. 3-isocianatepropyl-triethoxysilan, 3-glycidoxy- 
propyl-trimethoxysilane, 3-glycidoxypropyl-trietfK>xysilane, 2-(3,4-epoxycyclohexyl) ethyl-trinr>ethoxysilane. 2-{3.4-epox- 
ycydohexyO ethyl-triethoxysilane. 3-(meth)acryloxypropyl-trimethoxysilane. 3-(meth)acryloxypropyl-triethoxy5iIane, 3- 
ureidepropyl-trimethoxysilane, and 3-ureidepropyl-triethoxysilane; dialkoxysilanes including cfimethyl<limethoxysilane, 

30 dimethyl-diethoxysilane. diethyl<limethoxysilane, diethyl-diethoxysilane. di-n-propyt-dimethoxysilane, di-n-propyl- 
diethoxysilane. di-i-propyl-dimethoxysilane. di-i-propyl-diethoxysilane. di-n-butyl-dimethoxysilarie, di-n-butyl<liethoxysi- 
lane. di-n-pentyl-dimethoxysilane, di-n-pentyl-ethoxysilane, di-n-hexyl-dimethoxysilane. di-n-hexyl-diethoxysilane, di-n- 
peptyl<limethoxysilane. di-n-peptyl<liethoxysilane. di-n-octyl-dimethoxysilane. di-n-octyl-diethoxysilane, di-n- 
cyclohexyl-dimethoxysilane, di*n-chclohexyl<liethoxysilane. diphenyl-dimethoxysilane, and diphenyl-diethoxysilane; 

35 metyl-triacetyloxysilanes; and dimethyl-diacetyloxysilans. 

[0034] Preferably, it may be selected from the trialkoxysilanes and the dialkoxysilanes. The trialkoxysilane may pref- 
erably be methyl-trimethoxysilane. metyl-triethoxysilane, 3-glycidoxypropyl-trimethoxysilane, 3-glycidoxypropyl-tri- 
ethoxysilane. 3-(meth)acryloxypropyl-trimethoxysilane, or 3-(meta)acrylQxypropyl-triethoxysilane. The dialkoxysllan 
may preferably be dimethyl-dimethoxysilane or dimethyl-diethoxysilane. 

40 [0035] According to the present invention, the organosilane (1) may most preferably be trialkoxysilane or a contbi- 
nation of 40 to 95 mol% of trialkoxysilane and 60 to 5 nnol % of dialkoxysilane. The use of dialkoxysilane with trialkox- 
ysilane causes the resultant coating layer to be softened arxJ increased in the resistance to alkalis. 
[0036] The organosilane (1) may directly be used as a hydrdyzate and/or a condensate. The organosilane (1) 
errployed as the hydrolyzate and/or the condensate enables to be utilized as the component (a) when it has been 

45 hydrolyzated and condensed. It is nrtore preferable to perform the hydrolytic and condensing action of the organosilane 
(1) to yield the component (a) by feeding a proper amount of water during the preparation of the composition as a mix- 
ture of the organosilane (1) and the other components, as will explicitly be explained later. 

[0037] According to the present invention, the component (a) may be provided as a single &ut>starx:e or a mixture 
of two or more eutetances. 

so [0038] The component (a) may either partially or totally indude a siloxane oligomer which has SiO kx^nds and of 
which the weight-average molecular weight ranges from 300 to 100,000. 

[0029] The GiJcxans oligoTTfer n wy we pi uviutw as a single oligomer or a mixture of two or more oligomers. The ratio 
of O to Si in the SiO bond is normally from 0.5:1 to 2:1 . The oligomer as a single substance may have a ratio of 1 :1 (a 
2-functional oligomer), 1.5:1 (a 3-functional oligomer), and 2:1 (a 4-functional oligomer). Most preferable is a siloxane 
55 oligomer in which the ratio of O to Si is 1 .5:1 or 1 :1 . The method of producing the siloxane oligomer is of no limitations 
but may preferattly be a process for condensation of the chlorosilane or alkoxyslane. 

[0040] The end functional group of siloxane in the siloxane oligomer may t>e selected from a hydroxy group, a set 
of halogen atoms, an organic group having 1 to 15 carton atoms (for example, alkyl. acyl, alkoxy, alkoxysilyl, vinyl, aryl. 
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acetoxyl. acetoxysilyl, cycloalkyi, phenyl, glyddyl, (meth)acryloxy, ureide, amide, fluoroacetoamrde. or isocyanate), and 
a group expressed by Si-(RO)p-(R'0)q-R" (wherein, R and R are alkyi groups which are identical or difference, each 
having 1 to 5 caition atoms. R" is an alky! radical having 1 to 5 cartxxi atoms or hydrogen atoms, and p and q are Inte- 
gers whereas p+q ranges from 2 to 30). Also, the groups nrray have been hydrolyzated and condensed partially or totally 
5 or may be substituent derivatives. 

[0041] The set of halogen atoms may associate with fluorine and chlorine atoms. 

[0042] The alkyI group having 1 to 15 cartoon atoms may be selected from methyl, ethyl, n-propyf. i-propyl, n-butyi. 
i-butyl. sec-butyl, t-butyl, n-hexyl. n-heptyl. n-octyl, n-nonyl. n-decyl. undecyl. dodecyl. tridecyl. tetradecyl, hexadecyl. 
heptadecyl. octadecyl. and 2-ethylhexyl. The acyl group may be selected from acetyl, propionyl, butyryl, valeryl, ben- 
10 zoyi, and trioyl. The alkoxy group may be selected from methoxy. ethaxy. propoxy, and butoxy. The alkoxysilyl group may 
be selected from methoxysilyl. ethoxysilyl. propoxysilyl, and butoxysilyl. Also, vinyl, aryl, acetoxyl. acetoxysilyl. 
cydohexyl. phenyl, glycidyl, (meth)acryloxy. ureide. amide, fluoroacetoamide. isocyanate, and their sitostituent deriva- 
tives may equally be used. 

[0043] The group of Si-(RO)p-(R'0)q-R" is a polyoxyalkylene group such as pdyoxyethylene, polyoxypropytene. 

75 and poly(oxyethylene/oxypropylene). Because the siloxane oligomer has such end functional groups, a co-condensate 
of the component (a) and the siloxane oligomer is hydrophilic and simultaneously, the polyoxyalkylene groups is very 
likely to be absorbed by the other components (c) and (d) which in turn improve the dispersion stability. 
[0044] The substituent group in the substituent derivative may be a set of halogen atoms, a substituted or not-sub- 
stituted amino group, a hydroxy group, a mercapto group, an isocyanate group. glyckJcxy group, a 3,4-epoxycyclohexyl 

20 group, a (meth)acryloxy group, an ureide group, an ammonium base, or a ketoester group. 

[0045] The weight-average molecular weigfit of the sitoxane oligomer ranges from 300 to 1 00.000, preferably from 
600 to 100,CX)0, rrxjre preferably from 800 to 100.000, and most preferat>ly from 1 .000 to 50.000. If the level is smaller 
than 300, the resiliency of the resultant coating layer win decrease. If greater than 100.000, the conposition in the coat- 
ing layer will unfortunately be declined in the storage stability. 

25 [0046] According to the present invention, the siloxane oligomer may be a mixture of two oligomers whose Mw lev- 
els are different from each other. For example, one oligomer has Mw=400 to 2.800 whWe the other has Mw=3 000 to 
50.000. 

[0047] The amount of the component (a) based on the total amount of a structural unit denoted by (R^)nSiO(4.nV2 
according to the present invention is preferakrfy from 5 to 95 percent by weight and nnore preferably from 10 to 90 per- 
30 cent by weight; tiie same of the siloxane oligomer is preferably from 5 to 95 percent by weight and more preferably from 
10 to 90 percent by weight (provided that (a)+siloxane oligomer=100 percent by weight). When the conrponent (a) is 
snialler than 5 percent by weight, the composition in the resultant coating layer will be poor in the curing property. When 
higher than 95 percent by weight, tiie resistance to cracking will be declined. 

[0048] The siloxane oligomer in the composition of the present invention is normally hydrolyzated and condensed 

35 together with the component (a). 

[0049] In that case, the requirement of water for hydrolysis and condensation of the organosilane (1) and the 
siloxane oligomer is generally 0.3 to 3 moles and preferatrfy 0.4 to 2 moles, based on one mole of the alkoxy groups. 
[0050] The hydrolysis and condensation or the reaction during the syrthesis off the conrposrtion of the present 
invention is carried out at a temperature of 30 to 80 ^'C, preferat)ly 40 to 70**C, and for a duration of 0,5 to 10 hours, pref- 

40 erably 1 to 7 hours. 

[0051] In the composition of tiie present inverrtion. the weight-average molecular weight of a co-hydrolyzated con- 
densate (a hydrolyzate and/or a condensate) of the component (a) and the siloxane oligomer is generally 500 to 
100.000 and preferably atx)ut 600 to about 80.000. 

[0052] The component (a) (which may contain a sitoxane oligomer] is commercially availatrfe as MKC silicate man- 
45 ufactured by Mitsubishi Chemical, an ethyl silicate manufactured by Colcoat, a silicon resin manu^ctured by 
Toray/Dow-Corning. a silicon resin manufactured by Toshiba Silicon, a silicon resin manufactured by Shin-etsu Chemi- 
cal Industries, a hydroxyl contained polydimetfiylsiloxane maruifactured by Dow-Corning Asia, and a silicon oligomer 
manufactured by Nippon Unica. In the present invention, those products may be used directly or after subjected to the 
condensation. 

so 

Component (c) 



[0m3j I ne component (c) is a photocatalyst which is preferat>ly a powder and/or a sol form of a semiconductor hav- 
ing a photocatalytic function. ' 
55| [0054] Characteristic examples of tiie semiconductor having a photocatalytic function are TiOg, TiOa. SrTiOa, 
/ FeTiOs, WO3. SnOa. BigOa, InaOg. ZnO, FesOa. RuOs. CdO, CdS. CdSe, GaP. GaAs, CdFeOa, MoSj. LaRhOs. GaN, 
CdP. ZnS. ZnSe. ZnTe. NbgOs. ZrOg. InP, GaAsP. InGaAIP. AIGaAs. PbS. InAs. PbSe. and InSb. Preferably it is T1O2 
containing the anatase crystalline structure or ZnO and more preferably Ti02. 



6 



WSOOCID: <EP 1022318A2J_> 



EP1 022 318 A2 



[0055] It was found acxjording to the present invention that the photocatalytic function of the conponent (c) caused 
the surface of the coating layer to turn to hydrophilic within a short time after exposed to lower light, thus significantly 
improving the resistance to fouling of the coating layer while not substantially impairing the other essential characteris- 
tics of the coating layer. Also, the component (c) in the composition (I) of the coating according to the present Invention 
5 is commonly bonded with the component (a), hence ensuring the hydrophilic property and the resistance to fouling in 
the coating layer throughout a long period of time. 

[0056] The semiconductor is desired to be used in the form of powder and/or sol. More particularly, the form is pref- 
erat>ly selected from three different types: a powder, an aqueous sot as dispersed in water, and a solvent sot as dis- 
persed in a polar solvent such as isopropyl alcohol or a non-polar solvent such as toluene. The solvent sol may be 

10 further diluted wHh water or the solvent depending on the degree of dispersion of the semiconductor. The smaller the 
average diameter of particles of the semiconductor in the given state, the better the photocatalytic function Is imple- 
mented. When the average particle diameter of the semiconductor exceeds 0.3 \jjr\, the shading action of the semicon- 
ductor will readily make the coating layer opaque. When smaller than 0.3 ^m. the coating layer will remain transparent. 
Accordingly, the average particle diameter of the semiconductor can desirably t>e determined corresponding to the 

15 application of the conrposition. 
If [0057] In case that the component (c) Is in the form of an aqueous sol or a solvent sol. the solids concentration Is 
/ preferafc^ly not higher than 50 percent by weight and more preferably not higher than 40 percent by weight. 
^ [0058] For feeding the component (c) into the composition, it is desired to add the component (c) to a combination 
of the component (a), the solvent, and any of other components (d) to (h) as desired. Alternatively, after the component 

20 (c) is fed during the preparation of the composition, the component (a) is subjected to the hydrolysis and the corxJen- 
sation under the presence of the component (c). The feeding of the component (c) during the preparation of the com- 
position allows a semiconductor constituent in the component (c) to be condensed together with the component (a), 
whereby the durability of the resultant coating layer will be improved throughout a long period of time. Also, in case that 
the component (c) Is an aqueous sol. it is preferat»ly fed during the preparation of the composition. If the viscosity is high 

25 due to the presence of a component (g), which will be explained later, the component (c) may preferably be fed during 
the preparation of the composition. Moreover, in case that the composition of the present invention is provided as an 
enamel including colorants, the adjustment fa a color may be conducted after the supply of tfie component (c) or feed- 
ing the componerrt (c) and the colorants may be carried out at once. 

[0059] According to the present invention, the conponent (c) rmy be provided as a single sitetance or a comblna- 

30 tion of two or more substances. 

[0060] The amount of the component (c) to.be used is generally 1 to 500 parts by weight In its solid state, based on 
100 parts by weight of the staictural unit (R^)nSiO(4.ny2 the conponent (a) (wherein. and n conform to those In 
Formula 1). and preferably 5 to 400 parts by weight. If the amount is sn^aller than 1 part by weight, the resistance to 
fouling derived from the photocatalytic action will be declined. When the amount exceeds 500 parts by weight, the form- 

35 Ing of the coating layer will be discouraged. 

[0061 1 The composition (I) of the present invention consists mainly of tiie two essential components (a) and (c) and, 
if desired, may be added with other appropriate components which will be explained later. The composition (I) is com- 
monly provided with Its components dissolved or dispersed in a solvent. 

[0062] For preparing the conposrtion, walSLis used to carry out the hydrolysis and condensation of the organosl- 
40 lane (1) or disperse the colloidal components which will be explained later. The requirement of water according to the 
present invention is generally 0.3 to 3 moles and preferably 0.4 to 2 moles, t>ased on one mole of tiie alKoxy group In 
the component (a). 

[0063] According to the present invention, an or ganic solvjen t is used to assist uniform mixture of the component 
(a), the conponent (c), and the other relevant components to have a desired concentration of all solids In the composi- 
45 tion. In addition, the organic solvent may assist each of a variety of coating processes and thus Increase the disperBion 
stability and the storage stability of a resultant coating. 

[0064] The organic solvent for assisting to mix up the components uniformly Is of no limitations and may be selected 
from, for example, al cohols , aromatic hydrocarbons, ethers, ketones, and esters. 

[0065] The alcohols for the organic solvent include specifically methanol, ethand, n-propyl alcohol, i-propyl alcohol, 
so n-butyl alcohol, sec-txjtyl alcohol, t-butyl alcohol, n-hexyl alcohol, n-octyl alcohol, ethylene glycol, diethylene glycol, tri- 
othwiono niyrdi. ethylene glycol monobutyl ether, ethylene glycol monoethyl ether acetate, diethylene glycol monoethyl 
ether, propylene glycol monomethyl ether, propylene monomethyl ether acetate, and diacetone alcohol. 
[0066] The aromatic hydrocait>ons include specifically benzene, toluene, and xylene. The ethers include specifi- 
cally tetrahydrofuran and dioxane. The ketones indud" specifically acetone, methylethyl ketone, methylisobutyi ketone. 
55 and di-isobutyl ketone. The esters include specifically ethyl acetate, propyl acetate, butyl acetate, and propylene car- 
otK)nata 

[0067] The organic solvent may be provided as a single solvent or a combination of two or more solvents. 
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Composition (II) 

[0068] The composition (10 consists mainly of the two esseotiaLcomponents (a) and (c) plus the following compo- 
nent (b). 

5 

Conrponent (b) 

[0069] The component (b) is a polymer (referred to as a silyl based polymer hereinafter) where a silyl group having 
/ silicon atoms bonded with a hydrolytic group and/or a hydroxy group (referred to as a specific silyl group hereinafter) 
10 linked to the erK* and/or side of a molecular chain of the polymer. The component (b) in the composition (II) allows the 
hydrolytic radical and/or hydroxy radical in its specific silyl group to t>e condensed together with the component (a) thus 
contributing to the improvement of the coating layer characteristics. 

[0070] The amount of silicon in the conrponent (b) is generally 0.001 to 20 percent by weight and preferably 0.01 to 
1 5 percent by weight based on the total amount of the corrponent (b). 
15 [0071] A preferable form of the specific silyl group is expressed by Formula 5: 

(R')3-l 

I ...(5) 
^ — Si— Xi 



(wherein. X is a hydrolytic group or hydroxy groups of halogen atoms, an alkoxyl group, an acetoxy group, a phenoxt 
25 group, a tioalkoxyl grotp, or an amino grotp, R8 is hydrogen atoms, an alkyi group having 1 to 10 carbon atoms, or an 
aralkyi group living 1 to 10 cartx>n atoms, and i is an integer ranging from 1 to 3). 
[0072] The conrponent (b) may be produced by the following manners A and B. 

[0073] Manner A: A method of adding a hydrosilane compound expressed by Fbrnrula 5 (referred to as a hydrost- 
lane corrpound A hereinafter) to a cartx>n-cartx)n double bond in a cart>on-cartx>n dout)le tx>rKl containing vinyl poly- 
30 mer (referred to as an unsaturated vinyl polymer hereinafter). 

[0074] Manner B: A method of co-polymerizing a silane compound (referred to as an unsaturated silane compourxi 
B hereinafter) which is expressed by Formula 6: 



35 



R^— Si— Xi 



(6) 



40 (wherein, X, R®, arxJ i are identical to those in Formula 5 and is an organic group having a polymeric double kx>rKl) 
with other vinyl monomers. 

[0075] The hydrosilane conpound A used in the manner A may be selected from, for exanrple, halogenated silanes 
including methyl dichlorosilane. trichlorosilane. and phenyl dichlorosilane; alkoxysilanes including methyl dimethoxysi- 
lane, methyl diethoxysilane, phenyl dimethoxysilane, trimethoxysilane, and triethoxysilane; acyloxysilanes including 
45 methyl diacetoxysilane, phenyl diacetoxysilane. and triacetoxysilane; and aminoxysilanes including methyl dianinoxysi- 
lane, triamirx^xysilane, arKi dimetyl aminoxysitane. 

[0076] The hydrosilane compound A may be provided as a single compound or a combination of two or more com- 
pouncfe. 

[0077] The unsaturated vinyl polymer having hydroxy grotps and used in the manner A arKi having is of no limtta- 
50 tions and may. for exanple, t>e produced by the following manners A1 and A2 and their combination. 

[0073] Mcmor A1 A ^r^2thod of {co-)po\yrr^\z\p.Q viny! !T!onor?v?rs co"^'"*'^ 9_ ^ inrtirmai nrm m ^rAf AnrMi to as a 
functional group a hereinafter) to yield a (co-)polymer and react the functional group a in the (co^polym^- with the car- 
bon-caitx3n douk>le bond contained unsaturated compourd. which has a functior^l group (referred to as a functional 
group p hereinafter) reactable with the functional group a to yield an msaturated vinyl polymer where the cartx>n-car- 
55 bon double bond is linked to a side of the molecular chain of the polymer. 

[0079] Manner A2: A method of (co-)polymerizing vinyl monomers with the use of either a radical polymerization 
initiator having the functional group a (for example, 4,4-azobis-4-cyanovalerianic acid) or a conpound of a radk;al 
polymerization initiator and a chain transfer agent both having the functional group a (for examrple. 4.4*azobis-4-cyano- 
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valerianic acid and dithioglyco! add) to yield a (co-)polymer where the functional groups a derived from the radical 
polymerization initiator and the chain transfer agent are linked to one or both ends of a molecular chain of the polymer, 
and causing the functional groups a in the (co-)polymer to react on the carbon-cartX)n double bond contained unsatu- 
rated compound having the functional group p to yield an unsaturated vinyl polymer where the cartx)n-caitx)n doutale 

5 bond is linked to one or both ends of a molecular chain of the polymer. 

[0080] The reaction between the two functional groups a and p in the two manners A1 and A2 may involve esteri- 
f ication between a cartxixyl group and a hydroxy group, ring opening esterification between a cactxsntc acid anhydrous 
group and a hydroxy group, ring opening esterification between a cartx)xyl group and an epoxy group, amidation 
between a cart)oxyl group and an amino group, ring opening amidation kjetween a cariDonic acid anh^rous group and 

70 an amino group, ring opening addition reaction between an epoxy group and an amino group, urethanation between a 
hydroxy group arxj an isocyanate group, or their combination. 

[0081] The vinyl nrwnomer having the functional group a may be selected from unsaturated cartxjxylic acid anhy- 
drides including (meth)acrylic acid, crotonic acid, maleic add, fumaric add, and rtaconic acid; hydroxy contained vinyl 
monomers irxiluding 2-hydroxyethyl(meth)acrylate. 2-hydroxypropy1(meth)acrylate . 3-hydroxypropyl(meth)acrylate, N- 

75 methyl(meth)acrylamide. and 2-hydroxyethylvinylether; amino contained vinyl nxjnomers Including 2-aminoe- 
thyl(meth)acrylate. 2-aminopropyl(meth)acrylate, 3-amirK»propyl(meth)acrylate, and 2-aminoethylvinylelher; amine- 
imide contained vinyl monomers including 1,1,1-trimethylamine8meth)acrylimide, 1,1-dmethy1-1-(2-hydroxypro- 
pyl)amine(meth)acrylimide, 1.1-dimethyl-1-(2'-pheny!-2*-hydroxyethyl)amine(meth)-acrylimide, and 1,1 -dimethyl- 1 -(2'- 
hydroxy-2*-phenoxypropyl)amine(meth)acrylimide; and epoxy contained vinyl monomers including glyctdyl(meth)acr- 

20 ylate and arylglycidylether. 

[0082] The vinyl monomer having the functional group a may be provided in the form of a single nnonomer or a com- 
bination of two or more nxsnomers. 

[0083] The vinyl monomer capable of co-polymerizing with the functional group a containing vinyl monomer may 
be selected from: 

25 

(A) aromatic vinyl monomers Including styrene, a-methylstyrene. 4-methylstyrene, 2-methylstyr«ie, 3-methylsly- 
rene, 4-methQxystyrene. 2-hydroxymethylstyrene, 4-ethylstyrene. 4-ethoxystyrene, 3.4-dimethyistyrene. 3,4- 
diethylstyrene. 2-chlorostyrene, 3-chlorostyrene, 4-chloro-3-methylstyrene. 4-t-butylstyrenen, 2.4-dichlorostyrene, 
2.6-dichlorostyrene, and 1-vinylphthalene; 
30 (B) (meth)acrylates induding methyl(meth)acrylate, ethy1(meth)acrylate, propyl(me*h)acrytate, n-butyl(meth)acr- 
ylate. i-butyl(meth)acrylate. amyl(meth)aaylate, i-amyl(meth)acrylale, hexyl(meth)acrylate, 2-ethyIhexyl(meth)acr- 
ylate, n-octyl(meth)acrylate. and cydohexyl-methacrylate; 

(C) multi-functional monomers including divinylbenzene, ethyleneglycol-di(meth)acrylate, dithyleneglycol- 
di(meth)acrylate, triethyleneglycol-di(metha)acrylate, tetraethylenegrlycol-di(meth)acrylate, propyleneglycol- 

35 di(meth)acrylate, dipropyIeneglycol-di{meth)acrylate. tripropyleneglycol-di(meth)acrylate, tetrapropyleneglycol- 
di(meth)acrylate, butanedioldi(meth)aCTylate, hexanediol-di(meth)acrylate, trimehylolpropane-trl(meth)acrylate. 
and pentaerythritol-tetra(meth)acrylate; 

(D) acidic amide compounds including (meth)acrytamide. N-methylol(meth)acrylamide. N-methoxyme- 
thyl(meth)acrylamide, N-txjtoxymethyl(meth)acrylamide. N, N'-methylenebisacrylamide. diacetoneacryleamide. 

40 maleic add amide, and maleimide; 

(E) vinyl conrpounds including vinyl chloride, vinylidene chloride, and fatty vinylester; 

(f^ aliphatic conjugate dienes Induding 1,3-txitadiene. 2-methyl-1.3-butadlnene, 2,3-dimethyl-1.3-txjtadiene. 2- 
neopentyl-1 ,3-kxftadtnene. 2-chloro-1 ,3-txitadinene. 2-cyano-1,3-txitadinene, isopraie, substituent straight-chain 
conjugate pentadiene substituted with a substituent group such as an alkyi group, halogen atoms, or a cyano 
45 group, and straight-chain or side-chain conjugate hexadinene; 

(G) vinyl cyanide compounds including acrylonitryl and methacrylonltryl; 

(H) fluorine atom containing nrionomers including trif luoroethyl(meth)acrylate and pentadecafluorooctyt(meth)acr- 
ylate; 

(I) piperidine monomers including 4-(meth)acryloiloxy-2.2.6.6,-tetramethylpiperidine. 4-(meth)acryloilamino- 
50 2.2.6.6-tetramethylpiperidine. arxl 4-(meth)acryloiloxy-1 ,2,2.6,6-pentamethylpiperidine; and 

other sut>stances including caprolactam. 

[0084] This type of the nxinomers may be provided In the form of a single monomer or a combination of two or more 
monomers. 

55 [0085] The unsaturated corrpounds having the functional group a and the cartx>n-cartx)n double bond may be 
selected from vinyl monomers induding a functional group a containing vinyl monomer, and isocyanate containing 
unsaturated compounds prepared by causing the hydroxy containing vinyl monomer to react on a di-isocyanate com- 
pound in equivalent mole relationshp. 
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[0086] Characteristic examples of the unsaturated silane compound B used in the above described manner B are: 
CH2=CHSi(CH3)(OCH3)2. CH2=CHSI(OCH3)3. CH3=CHSi(CH3)Cl2. CH2=CHSiCl3. 

CH2=CHC(X>(CH2)2Si(CH3)2(OCH3)2. CH2=CHCOO(CH2)2Si(OCH3)3. CH2=CHCOO(CH2)3Si(CH3)(OCH3)2. 
CH2=CHCOO(CH2)3Si(OCH3)3. CH2=CHCOO(CH2)2Si(CH3)Cl2, CH2=CHCOO(CH2)2Sia3, 

5 CH2=CHCOO(CH2)3Si(CH3)a2. CH2=CHCOO(CH2)3SiCl3, CH2=C(CH3)COO(CH2)2SI{CH3)(OCH3)2. 

CH2=C(CH3)COO(CH2)2Si(OCH3)3. CH2=C(CH3)COO(CH2)3Si(CH3)(OCH3)2, CH2=C{CH3)COO(CH2)3Si(OCH3)3. 
CH2=C(CH3)COO(CH2)2Si(CH3)Cl2. CH2=C(CH3)COO(CH2)2SiCl3. CH2=C{CH3)COO(CH2)3Si(CH3)Cl2. and 
CH2=C(CH3)COO(CH2)3SiCl3. 

O 

CH, =CH-CH, -0-C — 
(CH, O) , S i (CH, ) • -0-C^'^-^ 



15 



20 



25 



30 



35 



40 



i II 
CH, O 



45 



SO 



55 
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25 



30 



CH, =CH-CH, 

35 

C I , S i (CH, ) 




45 [0087] The compound may be provided in the form of a single compound or a combination of two or wore com- 
pounds. 

[0088] The vinyl monomer to be co-polymerized with the unsaturated silane compound B may be selected from the 
vinyl monomers having the functional group a previously described with the manner A1 and other similar vinyl mono- 
mers. 

50 [0089] Alternatively, the component (b) may be selected from specific silyl contained epoxy resins and specific silyl 
contained polyester resirts. 

llXKMlj I he specific siiyi conrained epoxy resin may be produced by causing the epoxy gruup in cui epuxy t^^in suuh 
as bisphenol A type epoxy resin, bisphenol F type epoxy resin, water-added bisphenol A type epoxy resin, aFiphatic pol- 
ygtyddylether, or aliphatic polyglyddylester to react on aminosilane, vinytsilane, cartx)xysilane. or glyddylsilane having 
55 the specific silyl group. 

[0091 ] The specific silyl contained polyester resin may be produced by causing the cartxixyl group or hydroxy group 
in a polyester resin to react on aminosilane, cartx>xysilane, or glyddylsilane having the specific silyl group. 
[0092] Mw of the component (b) ranges preferafcjly 2.000 to 100.000 and more preferably 4.000 to 50.000. 
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[0093] The amount of the component (b) used in the composition (11) is generally 2 to 900 peirts by weight, prefer- 
ably 10 to 400 parts by weight, and more preferably 20 to 200 parts by weight, based on 100 parts by weight of the 
structural unrt (R^)nSiO(4.n)/2 component (a). In that case, when the conrponent is smaller than 2 parts by weight, 
its resultant coating layer will be declined in the resistance to alkalis. If higher than 900 parts by weight, the resistance 

5 to climate of the coating layer throughout a long period of time will be lowered. 

[0094] The polymerization of producing the component (b) may be inplemerrted by a process of feeding the mon- 
omers at once for polymerization, a process of polymerizing some of the monomers and then continuously or intermit- 
tently feeding the remaining monomers, or a process of feeding the monomers in a succession throughout 
polymerizaton. Also, any combination of the polym^izing processes may be employed. Most preferable is a technique 

10 of solution polymerization. Any common solvent for the solution used in the polymerizing process may be used; a 
ketone or alcohol solvent is more desirable. For the polymerization, a polymerizing initiator, a molecular weight modifier, 
a chelating agent, and an inorganic electrolysis may successfully be selected from known agents. 
[0095] According to the present invention, the component (b) rr^y be provided in the form of a single sut)stance or 
a combination of two or more substance as described above. 

15 [0096] Preferably, the component (b) in the conposition (II) may be condensed together with the conrponent (a) 
under the presence of water or an organic solverrt. 

[0097] The conposition (II) of the present invention is composed essentially of the components (a), (b). and (c) and, 
if desired, may be added with the optional components described later. The organic solvent used for preparing the com- 
position (II) is equally selected from those described previously for the conposition (I)- 
'20 [0098] The component (b) in the composition (II) of the present invention may l>e a silyl based fluorine polymer (b2) 
which is descried below. 

Component (b2) 

25 [0099] The component (b2) is a fluorine polymer having a structural unit expressed by Formula 2 (referred to as a 
structural unit b2-1 hereinafter) and/or a structural unit expressed by Formula 3 (referred to as a structural unit b2-2 
hereinafter) and arranged in which the specific silyl group is preferat)ly linked to an end and/or a side of its polymer 
molecular chain. 

[0100] The conponent (b2) allows the resultant coating layer made of the composition of the present invention to 
30 have improved coating properties because the hydrolytic groip and/or the hydroxy group in the specific silyl group is 
condensed together with the component (a) when the coating layer is being cured. 

[0101] The amount of silicon atoms in the component (b2) is generally 0.1 to 60 mol % and preferably 0.5 to 50 nrx)l 
%. based on the total amount of the component (b2). 

[0102] The conponent (b2) is preferably synthesized by polymerizing a monomer (referred to as a monomer (b2- 
35 1) hereinafter) having the structure unit denoted by Formula 2 and/or a monomer (referred to as a monomer (b2-2) 
hereinafter) having the structural unit denoted by Formula 3 and a monomer (refenred to as a morx>mer b2-3 hereinaf- 
ter) having a set of silicon atoms txKided to the hydrolytic group and/or the hydroxy group in the specific silyl group 
expressed by Formula 6 and may further be added with another nx)nomer (referred to as a monomer (b2-4) hereinafter) 
which can co-polymerizes with the foregoing monomers. The monomer ^2-4) may contain fluorine atoms which are 
40 absent in the other monomers (b2-1 ) and (b2-2). 

[0103] The conponent (b2) may also be a polymer synthesized by polymerizing the nrwnomer (b2-1) and/or the 
monomer (l}2-2); the polymer may be added with the monomer (b2-4). if desired, where its cartx)n-cartx}n double bond 
is linked by reaction to a silane conpound (referred to as a silane compound (b2-5) hereinafter) which has a functional 
group capable of reacting with the hydrolytic group or the hydroxy group. 

45 

Monomer (b2-1) 

[0104] The monomer (b2-1) is expressed by Formula 2*. 

I I 

C = C . . . (2' ) 

I I 

(wherein. to are CmY2m+i, m is an integer ranging 0 to 5, and Y Is selected from F. H, and CI separately). 
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[0105] The monomer (b2-1) may be a compound having a polymeric unsaturated double bond group and at least 
one fluorine atom. 

[0106] More particularly, the monomer (b2-1) may be selected from: 

5 (A) fluoroethylenes including CF2=CF2. CHF=CF2, CH2=CF2. CH2=CHF, CaF=CF2. CHCI=CF2. CCl2=CF2. 

CCIFsCCIF. CHF=CCl2. CH2=CCIF. and Ca2=CCIF; 

(B) fluoropropenes including CF3CF=CF2. CFaCF^CHF. CFaCHziCFg. CF3CF=CH2. CFaCF^CHF. CMFgCF^CHF, 
CF3CH=CH2. CH3CF=CF2. CH3CH=CF2. CF3CF=CH2. CF3CICF=CF2, CFaCCI^CFg. CF3CF=CFCI. 
CF3CLCCI=CCl2, CCl3CF=CF2. CFsCICa^CCIs. CFCbCCkCHCI. CHF2CCI=CCl2. CF2CICH=CCl2, 

10 CF2CICa=CHa. and CCIsCF^CHCI; and 

(C) Fluoroolephines having not smaller than four carbon atoms including CF3CF2CF=CF2. CF3CF=CFCF3. 
CF3CH=FCF3. CF2=CFCF2CHF2. CF3CF2CF=CH2. CF2CH=CHCF3. CF2=CFCF2CH3. CF2=CFCH2CH3, 
CF3CH2CH=CH2. CFsCH^CHCHg. CF2=CHCH2CH3. CH 3CF2CH=CH2, CFH2CH=CHCFH2. CH3CF2CH=CH2, 
CF2=CFCH2CH3. CF3(CF2)2CF=CF2. and CF3(CF2)2CF=CF2. 

75 

[0107] The monomer (b2-1) having fluorine atoms may be provided in the form of a single monomer or a combina- 
tion of two or more monomers. 

Monomer (b2-2) 

20 

[0108] The nnonomer (b2-2) is expressed by Formula 3\ 

I I 

C = C . • . (3' ) 



O—Rt 



(wherein, Rf is an alkyi group or an alkoxyalkyi group having fluorine atoms and to R^ are analogous to those of For- 
mula 2* but may be nxxlif ied without departing from the term of analogy to Formula 2'). 

[0109] The monomer (b2-2) may be a conpound having a polymeric unsaturated double bond group, an ether 
40 bond, and at least one fluorine atom. 

[01 10] More particularly, the monomer (b2-2) may be selected from: 

(A) (fluoroalkyl) vinyl ether or (fluoroalkoocyalyl) vinyl ether expressed by CH2=CH-0-Rf (wherein. R| Is an alkyI 
group or an alkoxyalkyi group having fluorine atoms); 
45 (B) perfluoro(alkyl)vinyl ethers including perfluoromethylvinyl ether, perfuoroethylvinyl ether, perfluoroprolylvinyl 
ether, pert luorobutylvinyl ether. arxJ pert luoroisobutyl vinyl ether; and 
(C) perfluoro(alkoxyalkyl)vinyl ethers including perfluoropropoxypropylvinyl ether. 

[01 1 1] The monomer (b2-2) having fluorine atoms may be provided in the form of a single monomer or a combina- 
50 tion of two or more monomers. 

;C112] \*/her! the tvyo mnnon^o'^ (h5>-i) and (b2-2) are used in a combination, they may preferably be hexafluoro- 
propylene and pert luoroalkyl-perfuluorovinylether or perfluoroalkoxyalkyl-perfuluorovinylether 

Monomer (b2-3) 

55 

[01 1 3] The monomer (b2-3) is a monomer having a polymeric unsaturated doul)le bond In one molecule arvj silicon 
atoms bonded to a hydrolytic group and/or a hydroxy group. 

[0114] The monomer (b2-3) may be an insaturated silane compound B expressed by Formula 6 used for synthe- 
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sizing the silyi contained polymer (b). 
Monomer (b2-4) 

5 [Oil 5] The monomer (b2-4) capable of co-polymerizing with the monomers (b2-1) to (b2-3) may be a vinyl mono- 
mer having the functional group a used for synthesizing the silyl contained polymer (b). 

Silane compound (b2-5) 

10 [01 1 6] The silane compound (b2-5) for addition reaction may be selected from halogenated silanes including meth- 
ydichlorsilane, trichlorsilane. and phenyl-dichlorsilane; altoxysilanes including methy-diethoxysilane, methyldimethox- 
ysilane. phenyl-dimehoxysilane, trimethoxysilane, and triethoxysilane; acyroxysilanes irrcluding metylediacetoxysilEine, 
phenyl-cfiacetoxysilane. and triacetoxysilane; and aminoxysilanes including metyWiaminoxysilane. triaminoxysilane, 
and dimetylaminoxysilane. The silane conrpound (b2-5) may be provided in the form of a single compourxj or a combi- 

15 nation of two or more compounds. 

[01 1 7] The polymerization for synthesizing the component (b2) may be implemented by a process of polymerizing 
the monomers at once, a process of polymerizing some of the monomers and feeding the remaining of the monomers 
continuously or intermittently, or a process of feeding the monomers in a succession. Any combination of the foregoing 
processes may also be used with equal success. Most preferable is a technique of solution polymerization. The solvent 

20 used in the solution polymerization is any commonly available solvent and may preferably be selected from ketones and 
alcohols. For the polymerization, a polymerizing initiator, a molecular weight nrxxfifier, a chelating agent and an inor- 
ganic electrolysis may be known ones. 

[0118] The amount of a sum of the stmctural units (b2-1) and (b2-2) in the component (b2) is generally 0.5 to 80 
mol % and preferably 1 to 70 mol %. based on the total amount of the conponent (b2). When the amount is lower than 
25 0.5 mol %. the resultant coating layer may hardly be improved in the transparency and the adhesivity. If higher than 80 
mol %, the adhesivity of the coating layer to a substrate nray be declined. 

[Oil 9] The amount of the structural unit (b2-1) is preferably 0.5 to 70 mol %. based on the total amount of the com- 
ponent (b2). The amount of the structural unit {b2-2) is preferably 0.5 to 70 mol %, based on the total anxHint of the 
component (b2). 

30 [01 201 T^e amount of the structural unit (b2-3) is generally 0. 1 to 60 mol % of the specific silyl group and preferably 
0.5 to 50 mol %. based on the total amount of the component (b2). When the amount is lower than 0. 1 nx^ %, the effect 
of condensation together with the component (a) will hardly be ensured. If higher than 60 nnol %. the storage stability of 
the resultant coating composition will be declined. 

[01 21 ] The amount of the structural unit (b2-4) conposed of the monomer (b2-4) capable of co-polymerizing with 
35 the other monomers is generally not higher than 90 nnol % and preferably not higher than 80 nrx)l %, based on the total 
anK>unt of the component (b2). 

[01 22] Mw of the component (b2) is preferably 1 ,000 to 1 00,000 and more preferably 5,000 to 50,000. 
[0123] The component (b2) in the composition (11) may t>e provided in the form of a single sul>slance or a combina- 
tion of two or more substance as described above. 

40 [0124] The anx)unt of the conrponent (b2) in the composition (II) is generally 20 to 500 parts by weight, preferably 
25 to 400 parts by weight, and nwre preferatrfy 50 to 300 parts by weight, based on 1 00 parts by weight of the structural 
unit (R'')nSiO(4.n)/2 in the conrponent (a). When the amount of component (b2) is smaller than 20 parts by weight the 
resultant coating layer will be declined in the resistance to alkalis and cracking. If greater than 500 parts by weight the 
resistance to climate of the coating layer will be declined. 

45 [0125] Preferably for the composition (II), the component (b2) is condensed together with the conrponent (a) under 
the presence of water and/or an organic solvent. 

[0126] According to the present invention, another vinyl copolymer having the specific silyl group such as the com- 
ponent (b) may be used in addition to the component (b2) without impairing the effect of the (xesent invention. The 
amount of the another vinyl copolymer in the compositbn (II) is generally rxjt greater than 500 parts by weigtit based 
50 on 1 00 parts by weight of the structural unit (R^)nSiO(4.ny2 component (a). 

[0127] The mmnfinents (a) and (c) and the nrnanir snlvent in tho mrrrw^ciitinn (M) are irioniiral in tho iyno anH tH^ 

amount to those in the composition (I) and will be explained in no more detail. 
Compositions fi^ and CtW 

55 

[0128] The conrposition 0) is similar to the composition (I) while the conrposition (ii) is similar to the composition (IQ; 
the two (i) and (ii) are equivalent to the compositions (I) and (II) respectively less the component (c). The components 
and the type and amount of an organic solvent in the conrpositions (i) and (ii) are identical to those in their conrespond- 
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ing compositions (I) and (II) except the component (c) and will be explained in no more detail 

[0129] Each of the conpositions (i). (ii), (I), and (II) may further be added with the following corrponents (d) to (h) 
as well as other additives, which will be explained below. Component (d) 
[0130] The composition (1) or (ii) may preferably contain the component (d). 
5 [0131] The component (d) in the composition of the present invention is an ultraviolet light absorber such as fine 
particles of a semiconductor capable of absorbing ultraviolet light. 

[0132] The ultraviolet light absorber may be selected from inorganic semiconductors Including T1O2 in rutile crys- 
talline structure (having no photocataiytic function). ZnO. and Ce02; and organic ultraviolet ray absorBgrs induding sal- 
icyl adds, benzophenones. benzotriasols, cyanoacrylates. and triadines. Most preferable are ZnO and Ce02- 
10 [0133] The ultraviolet light absorbing function of the component (d) in the composition of the present invention 
allows the resultant coating layer to absorb uttraviolet light without trading off the substantial properties, hence prevent- 
ing deterioration of the undercoating and of the sut>strate by uttraviolet light. 

[01 34] The component (d) is provided in three different states: powder of fine particles, aqueous sol where fine par- 
ticles are dispersed in water. arxJ solvent sol where fine particles are dispersed in a polar solvent such as isopropylal- 

15 coho! or a non-pdar solvent such as toluene. The solvent sol may further be diluted with water or a solvent depending 
on the degree of dispersion of fine semiconductor particles. The average particle diameter of semicorKluctor particles 
in such a state is preferably as small as possible in view of the absorption of ultraviolet light; it is generally not greater 
than 1 pm. preferably not greater than 0.5 ^m, and more preferably not greater than 0.1 pm. Since the component (d) 
is provided in the form of fine particles, its ultraviolet light at>sorbing function lr>creases to a levd equal to that of an 

20 organic ultraviolet light at>sorber. Also, improvement in the dispersion uniformity results In the higher transparency and 
the storage stability of the coating. The fine particles or the sd may preferably be added with a surface activator, a dis- 
persing agent, and a coupling agent for conductir>g further surface treatments. 

j [01 35] When the component (d) is in the form of an aqueous sol or a solvent sol, its solid concentration is preferably 
not higher than 60 percent by weight and more preferably not higher than 50 percerrt by weight. 

25 [01 36] The method of combining the component (d) with the composition of the present invention may involve either 
feeding the component (d) after the supply of the other components or feeding the component (d) during preparation of 
the composition of the present invention and promoting hydrdysis and partial condensation of the organosilans of the 
component (a) under the presence of the connponent (d). Feeding the component (d) during the preparation of the com- 
position allows co-condensation of the semiconductor compounds in the corrponent (d) with the conrponent (a), thus 

30 increasing the dispersion property of the component (d). When the conponent (d) is an aqueous sol, it may preferably 
be fed during the preparation of the composition. Also, in case that the viscosity in a system is increased by addition of 
the corrponent (g) described later, the component (d) nr^y preferably be fed during the preparation of the composition. 
[0137] The component (d) may commercially be available as Taipek TTO of Ishihara Sangya ZW-143, ZW-513C, 
ZS-300. ZS-303. ZnO-100. and ZnO-200 of SunnitorTX) Osaka Cement, Z-Nouve of Mitsui Metal Mining. Needlal of Tagi 

35 Chemical, and Ceriguard and hicera super K29 of Nihon Inorganic Chemistry. 

[0138] The component (d) in the composition of the present invention may be provided in the form of a single sub- 
stance or a combination of two or more substance. 

[0139] The amountofthe component (d). based on 100 parts by weight of the structural unit. (R^)nSiO(4.nV2' <"*® 
conponent (a) is generally, in solid state, 1 to 1 50 parts by weight and preferat)ly 5 to 100 parts by weight When the 
40 amount is smaller than 1 part by weight, the ultraviolet light absorbing function will be declined. If greater than 1 50 parts 
by weight, the resultant coating layer will t>e dedined in the forming properties, thus suffering from cracking and peeling. 

Component (e) 

45 [0140] The compositions (I), (II), (i)» and (ii) may contain the component (e). 

[0141] According to the present invention, the conponent (e) is cdloidal silica and/or a colloidal alumina. It may be 
provided in an aqueous sol or colloid where it is dispersed in water, or a solvent sd or colloid where it is dispersed in a 
polar solvent such as isopropylalcohol or a non-polar solvent such as toluene. The component (e) in the solvent sol or 
colloid form may further be diluted with water or the solvent depending on the degree of dispersion In the sd or colloid 

50 or may be surface treated for increasing the dispersing properties. 

[01421 The component (e) of the aqueous sol or colloid, or the sdvent sd or colidd form Is preferably not higher 
than 40 percent by weight in the solid concentration. 

[0143] The average partide diameter in the cdloid form is preferably not greater than 1 ^m arKi more preferably not 
greater than 0.5 jim. When the averag' diameter exceeds 1 nm. the partdes may sink down. 
55 [0144] The component ( ) in the conposition of the present invention contributes to the improvement of the flexibil- 
ity of the resultant coating layer when cured and the increase of its critical film thickness. Also, the conponent (e) when 
used for a conposition for overcoating (namely (I) or (II)) permits the use of the component (c) to be minimum without 
affecting the photocataiytic function, thus improving the resistance to clin^te of the resultant overcoating. Also, the 
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component (e) when used for a composition for undercoating (namely (i) or (ii)) improves the adhesivity of the overcoat- 
ing to the undercoating. 

[0145] The method of combining the component (e) with the composition may involve feeding the conponent (e) 
after the preparation of the composition or feeding the same during the preparation of the composition to allows the 
5 hydrolysis and condensation of the component (e) together with the other components (a)» (b). and (b2) or their con- 
densates. 

[0146] The colloidal silica form of the component (e) n^ay commercially be available as. for example, Snowtex. Iso- 
propanol Silicagel, and Methanolgel by Nissan Chemical; Cataloid and Oscar by Shokubai Chemical; Ludox by Dupont. 
U.S.A.; and Nalcoag by Naico Chemical, U.S.A. The colloidal alumina form of the component (e) maybe available as 
10 Alminasol-100. AIuminasol-200, and Aluminasol-520 by Nissan Chemical; and Aluminum Oxide C by Dhexa. West Ger- 
many. 

[0147] The component (e) in the composition of the present Invention may be provided in the form of a single sut>- 
stance or a combination of two or more sut>stances. 

[0148] The amount of the component (e) based on 100 parts by weight of the structural unit, (R^)nSiO(4.ny2. the 
15 component (a), is generally 0 to 500 parts by weight and preferably 0.1 to 400 parts by weight in solid state. 

Component (f) 

[0149] At least one of the compositions (I), (10. (0. and (ii) preferably contains the component (f) explained below. 
20 [0150] The component (f) is a catalyst for encouraging the hydrolysis and condensation of the corrponents (a), (b) 
and (b2). 

[01 51 ] The use of the component (f) will accelerate the speed of curing the resultant coating layer and increase the 
nrwiecular weight of polysiloxane produced by polycondensation of the organosilane component, hence allowing the 
resultant coating layer to be improved in the physical strength and the long-term durability as well as making the coating 
25 layer thickness increased and fadlrtating the coating application. 

[0152] The conponent (f) is preferably selected from acidic compounds, alkali compounds, basic compounds, 
amine compounds, metalates. and/or their partial hydrolyzates (the metalates and/or their partial hydrolyzates being 
referred to as organic metallic compounds). 

[0153] Characteristic examples of the acidic compound are acetic acid, hydrochloric add, sulfuric acid, phosphoric 
30 acid, alkyltitanic acid. p-to!uenesulphonic acid, and phthalic acid and it may preferably be acetic add. 

[0154] Characteristic examples of the alkali compound are sodium hydroxide and potassium hydroxide and it may 
preferably be sodium hydroxide. 

[0155] Characteristic examples of tiie basic compound are alkali metal salts induding naphthenic ackJ, octyl add. 
nitrous acid, sulfurous acid, and aluminate. 

35 [01 56] Characte^stk: examples of the amine compound are ettiylene<liamine, hexamethylene-diamine. dietfrylene- 
triamine. trietiiylene-tetramine. tetraettiylene-pentamine. piperidine, piperadine, m-phenylenediamine. p-phenylenedi- 
amine, ethandamine, triethylamine, 3-aminopropyt trimethoxysilane. 3-aminopropyl-trietiioxysilane. 3-(2-aminoethyf)- 
aminopropyl-trimethoxysilane, 3-(2-aminoethyf)-aminopropyl-triethoxysilane. 3-(2-aminoethyl)-aminopropyl-methyl- 
dimethoxysilane. 3-anilinopropyl-trimethoxysilane, alkylamine salts, dass-4 ammonium salts, and modified amines 

40 used as a hardener for epoxy resin, and preferably it may be 3-aminopropyl-trimethoxysilane. 3-aminopropyl-trletfiox- 
ysilane, or 3-(2-aminoethyl)-aminopropyl-trimethoxysilane. 

[0157] The organic metallic compound may be selected from a particular compourKl expressed by Formula 7 
shown below (referred to as an organic metallic compound (7) hereinafter), an organic metal corrpound of quadrivalent 
tin having 1 to 2 alkyl groups where 1 to 10 cartxjn atoms are bonded to the corresponding number of tin atoms 
45 (referred to as an organic tin compound hereinafter), and their hydrolyzates. 

M(OR^^r(Ri^COCHCOR^2j5 

(wh rein, M is zirconium, titan, or aluminum. and R^*" are different or identical to each other as, like R®, are mono- 
50 valent hydrocartx)n groups having 1 to 6 cartx>n atoms, R"'^ is nK>novalent a hydrocart>on groip having 1 to 6 carbon 

atoms, like R®. or an alkoxyi group having 1 to 1 6 cartx)n atoms such as methoxy. ethoxy, n-propoxy. i-propoxy. n-txrtoxy. 

sec-butoxy. t-butoxy, lauryloxy, or stearyloxy. and r and s are integers ranging from 0 to 4. (r+s)s:(valence of M) .) 

[0158] The organic metallic compound (7) is preferably an aikoxyl group having 1 to 16 carix>n atoms where r and 

s ar integers ranging from 0 to 4 and (r+s)=(valence of being established. 
55 [0159] The organic metallic compound (7) may be selected from: 

(A) organic zirconium compounds including tetra-n-butoxy zirconium, fri-n-butoxy-ethylacetoacetate zirconium, di- 
n-butoxy-bis(etiiylacetoacetate) zirconium, n-butoxy tris(ethylacetoacetate) zirconium. tetrakis(n-propylacetoace- 
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tate) zirconium, tetrakis(acetylacetoacetate) zirconiumu, and tetrakis(ethylacetoacetate) zirconiumu; 

(B) organic titan compounds including tetra-i-propoxy titanium, di-i-propoxy bis(eth/lacetoacetate) titanium, di-i- 
propoxy bis(acetylacetate) titanium, and di-i-propoxy bis(acetyiacetone) titanium: and 

(C) organic aluminum conrpourxJs including tri-i-propoxy aluminum, di-i-propoxy ethylacetoacetate aluminum, dl-i- 
propoxy acetylacetonate aluminum, i-propoxy bis(ethylacetoacetate) aluminum, i-propoxy b*s(acetylacetonate) alu- 
minum. tris(ethylacetoacetate) aluminum, tris(acetylacetonate) aluminum, and monoacetylacetonate bi5(ethyiace- 
toacetate) aluminum. 

[0160] The organic metallic conpound (7) and its partial hydrdyzate may preferably be selected from tri-n-butoxy 
ethylacetoacetate zirconium, di-i-propoxy bis(acetylacetonate) titanium, di-l-propoxy ethylacetoacetate aluminum, 
tris(ethylacetoacetate) aluminum, and their partial hydolyzates. 
101 61 ] The organic tin corrpound may be selected from: 

cariDonic acid organic tin compounds including (C4H9)2Sn(OCOCiiH23)2, {C4H9)2SN(CXXX)H=CHCOOCH3)2. 
(C4Hg)2Sn(OCOCH=CHCOOC4H9)2. (C8Hi7)2Sn(OCOC8Hi7)2» (C8Hi7)2Sn(OCOCi^H23)2. 

(C8Hi7)2Sn(OCOCH=CHCOOCH3)2, (C8Hi7)2Sn(OCOCH=CHCCXDC4H9)2, 
(C8Hi7)2Sn(OCOCH=CHCOOC8Hi7)2, (C8Hi7)2Sn(OCOCH=CHCOOCi6H33)2. 
(C8Hi7)2Sn(OCOCH«CHCOOCi7H35)2» (C8Hi7)2Sn(OCOCH=CHCOOCi8H37)2. 
(CsHi 7)2Sn(OCOCH=CHCOOC2oH4i)2. 

(C4H9)2SnOCOCH3 



(C4H9)2SnOCOCH3, 
(C4H9)Sn(OCOCiiH23)3. and (C4H9)Sn(OCONa)3; 

mercaptide organic tin compounds including (C4H9)2Sn{SCH2COOC8Hi7)2. (C4H9)2Sn(SCH2CH2COOC8Hi7)2. 
(C8Hi7)2Sn(SCH2CCX)C8Hi7)2. (C8Hi7)2Sn(SCH2CH2COOC8Hi7)2. (C8Hi7)2Sn(SCH2COOCi2H25)2. 
(C8Hi7)2Sn(SCH2CH2COOCi2H25)2. (C4H9)Sn(SCOCH=CHOOC8Hi7)3, (C8Hi7)Sn(SCOCH=CHOOC8Hi7)3, 

(C4H9) 2Sn (SCH2C0OCeHi7) 
I 

O 
I 

(C4H9) zSn (SCH2COOC8Hi7) ; 



sulfide organic tin compounds Including {C4H9)Sn=S, (C8Hi7)2Sn=S. and 

(C4H9)2Sn=S 



(C4H9)2Sn=S; 



chloride organic compounds including (C4H9)SnCl3, (C4H9)2SnCl2, (C8Hi7)2SnCl2. and 
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iC^Hs) zSn—Cl 
I 

S 
I 

(C4H9) 2Sn — CI; 



and 

organic tin oxides including (C4H9)2SnO and (C8Hi7)2SnO as well as reaction products including an ester com- 
pound produced by reaction between the organic oxide and silicate, maieic acid dimethyl, maleic acid diethyl, or 
phthalic add dioctyt. 

[0162] The component (0 may be provided in the form of a single substance or a combination of two or more sub- 
stances and may be mixed with a zinc compound or a reaction retarder. 

[0163] The component (f) may also be fed at a stage for preparation of the conrposrtion or at a stage where a coat- 
ing layer or is formed or at txjth the stages for preparation of the composition and for forming the coating layer. 
[0164] The amount of the component (f). except the organic metallic compounds, based on 1 00 parts by weight of 
the structural unit. (R^)nSiO(4.ny2. in the component (a) is generally 0 to 100 parts by weight preferably 0.01 to 80 parts 
by weight, and more preferably 0.1 to 50 parts by weight. The annount of the component (f) of any organic metallic com- 
pound based on 100 parts by weight of the structural unit, (R'')nSiO(4.n)/2. <n the component (a) is generally 0 to 100 
parts by weight, preferaljly 0.1 to 80 parts by weight and more preferably 0.5 to 50 parts by weight. When the amount 
of the component (0 exceeds 1 00 parts by weight, the composition will be declined in the storage stability and its result- 
ant coating layer will suffer from cracking. 

Component (g) 

[0165] Preferatrfy, at least one of the compositions (Q, (II), (0. and (iO contains the component (g). 
[0166] The component (g) may be at least one expressed by Formula 4 and selected from p<Jiketones. p- 
ketoesters, carbonic add compounds, dihydroxy compounds, amine compounds, and oxyakiehydes. 
[0167] The component (g) is preferal5ly added when the component (f) is any organic metallic conrpound. 
[0168] The component (g) serves as a stability enhancing agent for the conrposition. More spedffcally. it is pre- 
sumed that the conponent (g) is coordinates bonded to metallic atoms in the organic metallic compound thus to appro- 
priately control the promotion of co-condensation of the components (a), (b). and (b2) with the organic metallic 
compound, hence improving the storage stability of the composition. 

[0169] Characteristic examples of the conponent (g) are acetyleacetone. acetoacetk: add methyl, acetoacetic acid 
ethyl, acetoacetic add-n-propyl, acetoacetic acid-aipropyl. acetoacetic acid-n-butyl. acetoacetic acid-sec-butyl, ace- 
toacetic add-t-txityl, hexylacetone, and acetoacetic add ethyl. 

[0170] The component (g) may be provided in the form of a single sul>stance or a comtMnation of two or nrxjre sul>- 
stances. 

[01 71 ] The amount of the component (g) based on 1 mole of the organic metallic compound is generally not smaller 
tfian 2 moles and preferably 3 to 20 moles. When the amount of the conponent (g) is smaller than 2 moles, improve- 
ment of the storage stability of the resultant composition will be uncertain. 

Component (h) 

[0172] The coating composition of the present invention may contain the component (h) described below. 

[01 731 The oomoonent (h) is a powvder and/or a sol or a rrJIniH fr>rm r>f an in/>rgarijn cr>rnpoiH?d havif?^ no photccst- 

alytic function and may be fed so that the resultant coating layer has desired properties (provided tfiat the conponent 

(g) is not involved). The sol or colloid form of the conponent (h) is g^erally 0.001 to 100 ^m in the average particle 

diameter. 

[0174] Characteristic examples of the conponent (h) are AIGaAs. AI(OH)3. St^gOs, Si3N4. Sn-ln203. Sb-lnaOs, 
MgF. CeFa, CeOg. 3Al2032Si02. BeO, SiC. AIN. Fe. Co. Co-FeO^. CrOa, Fe4N. BaTOg, BaO-AlaOa-SiOg. Ba ferrite, 
SmCOa. YCO5. CeCOg, PrCOs. SmgCOiy. N62^^uB, AI4O3, a-Si. SiN4. CoO. Sb-SnOa. SbaOg. MnO^, MnB, C03O4. 
C03B. UTaOa. MgO. MgAl204. BeAl204. ZrSi04. ZnSb, PbTe, GeSi, FeSia. CrSig, CoSi2. MnSii.73. MggSi, p-B, BaC, 



18 

. <EP 1022318A2 I > 



EP1 022 318 A2 



BP. TiB2. ZrBg. HfBg. RugSig, TiOaCrutile). TiOa, PbTiOa, AlgTiOg, 2028104. Zr2Si04, 2Mg02-Al203-5Si02. NbgOs, 
IJ20-Al203-4Si02, Mg fenrite. Ni ferrite, Ni-Zn ferrite. Li ferrite, and Sr ferrite. 

[0175] The component (h) may be provided in the form a single substance or a combination of two or more sub- 
stances. 

5 [01 76] The component (h) may also be provided in a powder form, an aqueous sol or colloidal form where the sub- 
stance is dispersed in water, or a solvent sol or colloidal form where the substance is dispersed in a polar solvent such 
as isopropyl alcohol or a non-polar solvent such as toluene. 

[0177] The component (h) of the solvent sol or colloidal form may further be diluted with water or the solvent 
depending on the dispersing properties of the semicorxJuctor substance or may be surface treated for improving the dis- 
10 persing properties. 

[0178] When the connponent (h) is the aqueous sol or colloidal form, its solid concentration may preferat)ly be not 
greater than 40 percent by weight. 

[0179] The method of combining the conponent (h) with the composition may Involve feeding the component (h) 
after the preparation of the composition or feeding the same during the preparation of the composition to allows the 
15 hydrolysis and condensation together with the components (a), (b), and (b2) or their condensates. 

[0180] The amount of the component (h) based on 100 parts by weight of the structural unit, (R^)nSiO(4.nj/2» ^ 
component (a) is generally 0 to 500 parts by weight and preferat>ly 0.1 tO 400 parts by weight in solid state. Other addi- 
tives 

[0181 ] The composition of the present invention may have an appropriate filler added and dispersed for improving 
20 the color and the thickness of a resultant coating layer. 

[0182] The filler may be selected from rxxi-aqueous organic and inorganic pigments, ceramics, metals, and alloys 
of a particle, fiber, or scale form, and their oxides, hydroxides, carbides, nitrides, and sulfides. 

[0183] Characteristic examples of the filler are iron, copper, aluminum, nickel, silver, zinc, ferrite. cartx^n black, 
stainless steel, silicon dioxide, titan oxide for pigment, aluminum oxide, chrome oxide, manganese oxide, iron oxide, zir- 

25 conium oxide, cobalt oxide, synthetic mullite. aluminum hydroxide, iron hydroxide, silicon carbide, silicon nitride, boron 
nitride, clay, diatom earth, slaked lime, gypsum, talc, barium cartx>nate. calcium cartx)nate. magnesium cartx)nate. bar- 
ium sulfate. t>entonite. mica, zinc green, chrome green, cobalt green, bilidiane, Guinier green, cobalt chrome green, 
shale green, green soil, manganese green, pigment green, ultramarine, deep blue, rocky blue, cobalt blue, cerlian blue, 
copper borate, molytxlenum blue, copper sulfide, cobalt purple, mars purple, manganese purple, pigment violet, lead 

30 suboxide, calcium hydrochloride, zinc yellow, lead sulfide, chrome yellow, yellow soil, cadmium yellow, strontium yellow, 
titan yellow, litharge, pigment yellow, copper suboxide, cadmium red, serene red. chrome vermilion. Indian red, zinc 
white, antihuman white. t>asic lead sulfate, titan white, lithopone. lead silicate, zirconium oxide, tungsten white, lead, 
zinc white. Bantison white, lead phthalate, manganese white, lead sulfate. cartx)n blacK bone black, dianxDnd black. Sir 
Matmic black, plant black, potassium titanate whisker, and molybdenum disulfide. 

35 [0184] The filler may be provided in the form of a single sut>stance or a combination of two or more substances. 
[0185] The amount of the filler based on 100 parts by weight of the solids of the composition is generally not greater 
than 300 parts by weight 

[0186] Other pxarticular agents to be added to the composition of the present invention, if desired, are known dehy- 
drating agents including orthoformate methyl, orthoacetic add methyl, arxJ tetraethoxysilane; dispersing agents includ- 

40 ing polyoxyethylene alkylether, polyoxyethylene alkylphenylether, pdyoxyethylene fatty aid ester, polycart»onic acid 
polymer surfactant, polycartx)xylate, polyphosphate, polyacrylate. polyamide ester salt, and polyethylene glycol; thick- 
ning agents including cellulose such as methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellu- 
lose, or hydroxypropylmethyl cellulose, castor oil derivative, and ferrosilicate; inorganic foaming agents including 
ammonium cart>onate, cunmonium bicartxxiate, ammonium subnitrate. sodium tx^rofrydride, and calcium azide; organic 

45 foaming agents including an azo compound such as azo-bisisobutyro-nitrile, a hydrazine compound such as diphenyl- 
sulfone-3,3'-disulfohydrazine, a semicart>azide compound, a triazde compound, and an N-nitroso compour>d: and other 
additives including a surfactant, a silane coupling agent, a titan coupling agent. arKi a dye. 

[0187] Also, the composition (i) or (ii) for undercoating may be added with an ultraviolet light stabilizer for improving 
the resistance to climate and the long-term adhesivity. The ultraviolet light stabilizer may be a piperidine. 

so [0188] Moreover, a leveling agent way be confined for improving the coating performance of the composition. The 
leveling agent may commercially be available: as a fluorine leveling agent. BM1000 and BM1100 by BM-Chemie. Efca 
772 arid Efca 777 by Efca Chemicais, a Rorence series by Kyoeisha Chemical, an FC series by Sumitomo 3M. and a 
Fluonal TF series by Toho Chemical; as a silicone leveling agent, a BYK series by BYK Chemie. a Sshmego series by 
Sshmegmann. and Efca 30. Efca 31 . Efca 34. Efca 35. Efca 36. Efca 39. Efca 83. Efca 86, and Efca 88 by Efca Chem- 

55 icals: and as an ether or ester leveling agent. Carphynd by Nisshin Chemical and Emargen and Homogenol by Kaoh. 
[0189] The use of the leveling agent will improve the appearance of a finished coating layer and also allow the coat- 
ing layers to be coated uniformly as a thin film. 

[0190] The amount of the leveling agent to be used, based on the entirety of the component, is preferably 0.01 to 5 
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percent by weight and more preferably 0.02 to 3 percent by weight 

[0191] The method of combining the leveling agent may involve feeding at a stage for preparing the conposition or 
at a stage for forming a coating layer or at both the states for preparing the composition and for forming the coating 
layer. 

5 [01 92] The conrposition of the present Invention or more particularly, the conposition (i) or (ii) for undercoating may 
be blended with another resin. Characteristic exanples of the another resin are acryl-urethane resin, epoxy resin, pol- 
yester, acryl resin, fluorine resin, acryl resin emulsion, epoxy resin emulsion, urethane emulsion, and polyester emul- 
sion. 

[0193] The preparation of the composition of the present invention is not limited to a specific mixing method when 
10 the two conrponents (f) and (g) are unused. In case that the components (f) and (g) are used, a process may preferably 
be employed of preparing a mixture of the components (a) to (h) excluding the component (g) and then doping the com- 
ponent (g) into the mixture. 

[0194] The concentration of all solids in the composition (I) or (II) of the present invention is generally 3 to 50 per- 
c nt by weight arxl preferably 5 to 40 percent by weight and may t^e adjusted corresponding to the purpose of applica- 
75 tion. When the solid concentration in the composition exceeds 50 percent by weight, the storage stability will be 
declined. 

[0195] The concentration of all solids in the composition (i) or (ii) of the present invention is generally not higher 
than 50 percent by weight and preferably not higher than 40 percent by weight and may be adjusted depending on the 
type of a sub>strate. the method of coating, the thickness of a coating layer, and so forth. 

20 

Photocatalvst Coating Him 

[0196] The photocatalyst coating film of the present invention consists mainly of ® a substrate/a composition (i) or 
(ii)/a composition (I) or (II). or ® a substrate/a primer/a composition (i) or (ii)/a composition (0 or (II). 

25 [0197] TTie application of any of the compositions of the present invention may be conducted by a known manner 
such as dip coating, flow coating, spraying, screening, electric deposition, or vapor deposition or with the use of a brush, 
a roll coater. a flow coater. a centrifugal coater, an ultrasonk: coater. or a (micro) gravure coater. 
[01 98] In application of the composition 0) or (ii) of the present invention, the thickness of a coating layer is substan- 
tially 0.05 to 20 ^rni, when dried, with one single application and 0.1 to 40 jim with two times of application. After dried 

30 at normal temperatures or heated to a temperature of 30 to 200**C commonly for 0.5 to 60 minutes, the coating layer 
will set on the substrate of a desired type. 

[0199] In application of the composition (I) or (IQ of the present invention, the thickness of a coating layer is sub- 
stantially 0.05 to 20 fim, when dried, with one single application and 0.1 to 40 ^lm with two times of application. After 
dried at nomial temperatures or heated to a temperature off 30 to 200**C commonly for 0.5 to 60 minutes, the coating 
35 layer will set on the substrate of a desired type. 

[0200] The total thickness of the undercoating and the overcoating may normally be 0.1 to 80 fim and preferably 
0.2 to 60 ^ when dried. 

Substrate 

40 

[0201] The substrate whfch is able to associate with the composition of the present invention is provided as an 
organic film selected from polyesters including polyethylene terephthalate (PET), polytxitylene terephthalate (PBT). 
and polyetfTylene-2.6-naphthalate (PEN); polyamides including nylon 6 and nylon 6,6; polyolellns including polyethyl- 
ene (PE) and polypropylene (PP); and polyacryls including polycartxjnates (PC) and polymethacrylate metyl (PMMA). 
45 The organk; film may be a fluorine film such as polytetrafluoroethylene (PTFE) or ethylene-tetrafluoroethylene (ETFE). 
[0202] The substrate may preliminarily be surface treated for base preparatton, improvement of adhesivity. sealing 
of porous materials, snrKX>thing, and particular decoration. 

[0203] Characteristic exanples of the surface treatment are blasting, chemical treatment, degreasing, flaming, oxi- 
dation, steam treatment, corona discharge, ultraviolet radiation, plasma treatment, and ion treatmerrt 
so [0204] The method of applying the composition of the present invention may be varied depending on the type and 
the condition of the sU:^trate as well as the technique to be used. For exanrv>le« a primer may also be used nr nr* cor- 
responding to the use. 

[0205] The primer is not limited to a specific type and may be selected from a variety of materials which enaUe to 
enhance the tjonding between tiie stiDstrate and tfie conposrtion. according to the type of tiie sut>strate and tiie pur- 
55 pose of usa The primer may also be provided in tiie form of a single substance or a combination of two or vnore sul>- 
stances. The primer m^ be an enamel containing a coloring material such as a pigment or may have treinsparency 
without such a cotoring material. 

[0206] Characteristic examples of the primer are alkyd resin, aminoalkyd resin, epoxy resin, polyester, acryl resin, 
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urethane resin, fluorine resin, aaylsilicone resin, aery) resin emutsion, epoxy resin emulsion, polyurethane emulsion, 
and polyester emulsion. The primer may have various functional radicals when a higher degree of adhesivity is required 
between the film substrate and the coating layer in hostile conditions. The functional radicals include, tor example, a 
hydroxy group, a cart>cxyl group, an anrade group, an amine group, a glycidyl group, an alkoxysilyl group, an ether bond. 
5 arKJ an ester bond. The primer may also contain an ultraviolet light absorber, an ultraviolet light stabilizer, and so forth. 
[0207] For increasing the wear resistance and the glossiness, the coating layer of the composition of the present 
invention may be protected at the upper surface with a clear layer composed of. for example, a siloxane resin paint 
which may be a stable dispersion solution of colloidal silica and siloxane resin such as disclosed in US Patent Nos. 
3,^6,997 and 4.027,073. 

10 [0208] As set forth above, the photocatalyst coating film according to the present invention is fabricated by provid- 
ing a coating layer of the composition (i) or (ii) on the upper surface of an organic film substrate and providing a coating 
layer of the composition (I) or (II) on the coating layer of the composition (i) or (ii). The resultant photocatalyst coating 
film is improved in the resistance to fouling, the durability, and the transparency and has a photocatalytic function, herKe 
preverrting the (organic film) substrate from being deteriorated by exposed to light arxl ensuring the long-term durability 

15 and adhesivity. 

Embodiment 

[0209] The embodiment of the present invention will be described in nfK>re detail referring to some examples. It 
20 would be understood that the present invention is not limited to the following examples. 

[021 0] The amounts in the examples and their relevant preparations are denoted in the unit of parts or percent on 
a weight basis, unless otherwise specified. The measurement and estimation of each characteristic factor was carried 
out by the following manners. 

25 (1) f^ 

[021 1 ] A gel permeation chromatography (QPC) method was used under the following conditions. 

Test item: Tetrahydrofuran was used as a solvent. 1 g of a partial condensate of organoalane or 0.1 g of a silyl con- 
so tained vinyl resin was dissolved in 100 cc of the tetrahydrofran to prepare a test item. 

Standard polystyrene: Standard polystyrene used was made by Pressure Chemical, U.S.A. 

Apparatus: A high-temperature, high-speed gel permeation chronr\atogram (a nrxxlel. 150-C ALC/QPC) by Waters, 

U.S.A. 

Column: A model. Shodex A-80M (length 50cm) by Showa Denko. Japaui. 
35 Measurement temperature: 40 ''C. 
Flow velocity: 1 cc/min. 

(2) Adhesion 

40 [021 2] A tape peeling test was conducted three times using a matrix (of 1 00) specif ied in J IS K5400 and its average 
was measured. 

(3) Hardness 

45 [021 3] This measurement was based on a pencil hardness specified by J IS K4500. 

(4) Resistance to alkalis 

[0214] After a coating test piece was immeised in a saturated calcium hydroxide solution for 60 days, its coating 
so layers were examined by visual check. The test piece exhibiting no change was classified as **good'*. 

(5) Resistance to organic chemicals 

[0215] The coating test piece was applied with 2cc of isopropyl alcohol, and wiped off after 5 n^nutes. Then, the 
55 test piece was visually examined. The test piece exhibiting no change was classified as "good". 
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(6) Resistance to moisture 

[021 6] After a test piece was left at a temperature of 50 ''C and a moisture of 95 % for i .000 hours continuously, its 
coating layers were visually examined. The test piece exhibiting no change was classified as "good". 

5 

(7) Resistance to climate 

[021 7] A 3000-hour irradiation test with a Sunshine weather meter made by Suga Test was carried out conforming 
to J IS K5400 and the coating layers of a test piece were visually examined for the state of appearance (cracking and 
TO peeling). The test piece exhibiting no change was classified as "good". 

(8) Resistance to water 

[0218] After a test piece was immersed in tap water at room temperature, the coating layers of a test piece were 
15 visually examined for the state of appearance (cracking and peeling). The test piece exhibiting no change was classified 
as "good". 

(9) Resistance to fouling 

so [021 9] After the coating layers of a test piece were fouled with a mixture paste of cartxsn black/kerostne oiloi/2 (in 
weight ratio), left at room temperatures for 24 hours, and rinsed with water using a sponge, it was visually examined. 
Th evaluation was based on the following criteria. 

O: Not fouled. 

25 

A: Slightiy fouled. 
X: Territ>ly fouled. 
30 (10) Transparency 
[0220] 

(§): Transparency of higher than 80 %. 

35 

O : Transparency between 60 and 80 %. 

A: Transparency of smaller tiian 60 %. 

40 Provision 1 (of the component (b)) 

[0221] In a reactor equipped with a circulating cooler arxJ a stirrer, 70 parts of methylmethacrylate. 40 parts of n- 
butylacrylate. 20 parts of y-nnethacryloxypropyltrimethoxysilane. 5 parts of acrylic acid, 13 parts of 2-hydrQxyethylm6th- 
acrylate, 1 part of 1.1,1 -trimetylamine-methacrylimide, 1 part of 4-(metii)acryloyloxy-2,2.6,6-tet^amethylpiperidine, 150 
45 parts of ijjrppyl alcQtiQLJSO parts of met hvletvlketo ne. and 25 parts of m gihanol were mixed together. The mixture was 
then heated to 80 °C while being stin-ed and applied throughout a period of 30 minutes with drops of a solution prepared 
by dissolving 4 parts of azobisisovaleronitryl into J O parts of xyle ne. After ttie reaction at 80 °C for 5 hours, a polymer 
solution (referred to as (b-A) hereinafter) having a solid concentration of 40 % and an Mw of 1 1 .000 was synthesized. 

so Provision 2 (of the component (b)) 

[0222] In a reactor eqiipped with a circulating cooler and a stin-er, 70 parts of mettiylmethacrylate. 40 parts of n- 
Ijutylacrylate. 20 parts of y-methacryioxypropyl-trimethoxysilane. 18 parts of glycidylmetiiacrylate. 1 part of 1.1.1-tri- 
metylamine-methacrylimide, 1 part of 4-(meth)acryloyIoxy-2.2.6,6-tetramethylpiperidine. 150 parts of i-propyl alcohol. 
55 50 parts of methyletylketone. and 25 parts of methanol w re mixed together. The mixture was tiien heated to 80 **C 
while being stin-ed and applied throughout a period of 30 minutes witii drops of a solution prepared by dissolving 4 parts 
of azobisisovaleronitryl into 1 0 parts of xylene. After the r action at 80'C for 5 hours, a polymer solution (referred to as 
(b-B) hereinafter) having a solid concentration of 40 % and an Mw of 13,000 was synthesized. 
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Provision 3 (of the component (b)) 

[0223] In a reactor equipped with a circulating cooler and a stirrer, 70 parts of methylmethacrylate, 40 parts of n- 
butyleacriate, 20 parts of y-methacryloxypropyl-trimethoxysilane. 18 parts of hydroxyacrylate, 10 parts of acrylamide. 1 
5 part of 1.1 ,1-trimetyIanrHne-methacrylimide, 1 part of 4-(meth)acryloyloxy-2.2.6,6-tetramethylpiperidine. 150 parts of 1- 
propyl alcohol. 50 parts of methyletylketone, and 25 parts of methanol were mixed together. The mixture was then 
heated to 80 °C while t>eing stirred and applied throughout a period of 30 minutes with drops of a solution prepared by 
dissolving 4 parts of azobisisovaleronitryl into 10 parts of xylene. After the reaction at 80 **C for 5 hours, a polymer solu- 
tion (referred to as (b-C) hereinafter) having a solid concentration of 40 % arKJ an Mw of 10.000 was synthesized. 

10 

Provision 4 (of the component (b2)) 

[0224] A stainless autoclave equipped with an electromagnetic stirrer was subjected to sutsstitution with a nitrogen 
gas arxj filled with 250 parts of methylisotxJtylketone. 30 parts of ethylvinyl ether, and 2 parts of lauroyi peroxide (a rad- 

75 leal polymer initiator) to prepare a solution. The solution was then cooled down to -50 *C with dry ice-methanol and oxy- 
gen In the autoclave was removed out using a nitrogen gas. Then, the remaining was added with 20 parts of 
hexafluoropropylene, 45 parts of perfluoro(mehytvinyl ether), and 5 parts of vinyl trimethoxysilane and heated up. When 
the temperature in the autoclave was increased up to 60 ""C. the interior pressure was 5 kgf/cm^. 
[0225] The mixture was stirred wNle being kept at a reacting temperature of 60 ""C to continue the reaction for 

20 polymerization for 20 hours. \Nhen the pressure in the autoclave dropped down to 1 .5 kgf/cm^, the mixture was cooled 
down with water to cease the reaction. A resultant polymer solution was 40 % in the solid concentration and 30.000 in 
the Mw (referred to as (b2-A)). Provision 5 to 7 (o the component b2). 

[0226] By the same manner as of Provision 4 except that the monomers used were as shown in Table 1 . polymer 
solutions (b2-B to b2-D) having a solid concentration of 40 % were prepared. 

25 



Table 1 



Provisions 


4 


5 


6 


7 


Polymers 


B2-A 


B2-B 


B2-C 


B2-D 


Monomer (b2-1), hexafluoropropylene 


20 




65 


10 


Monomer (b2-2), perfluoro-M ethyl vinylether 


45 


65 




10 


Monomer (b2-3). vinyltrimethoxysilane 


5 


5 


5 


50 


Monomer (b2-4), ethylenevinylether Solvent. 


30 


30 


30 


30 


methylisobutytketone 


150 


150 


150 


150 


Mw 


30.000 


30.000 


30.000 


25.000 



40 

Provision 8 (of a primer) 

[0227] 100 parts of the polymer solution (b2-A) of Preparation 1 was mixed and stirred with 80 parts of methylethyl- 
ketone and 20 parts of i-propyl alcohol. Then, the mixture was added with 20 parts of a zinc oxide (having 30 % of a 
45 dispersed-in-toluene solid concentration) adjusted by methylethylketone to a solid concentration of 20 % thus to pr - 
pare a primer having 20 % of a solid concentration (refen-ed to as (p-1) hereinafter). 

Preparations 1 to 27 (of the composition for overcoating) 

50 [0228] In a reactor equipped with a stirrer and a circulating cooler, a combination of the components listed in Tables 
2 to 7 (excluding acetylacetone) were mixed up arxj stirred for reaction at eCC for 4 hours. Then, the mixture was 
added with an acetylacetone and cooled down to a room temperature to prepare a composition having a solid concen- 
tration of 20 %. 100 parts of the composition was mixed and stirred with 100 parts of i-propyl alcohol arxJ further added 
with 10 parts of an i-propyt alcohol solution (15 % of a solid) of dibutyl-tin-acetate and a silicate oligomer to yield the 

55 overcoating compositions (1-1) to (1-9) and (11-1) to (11-18). 
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Table 2 



Preparations 


1 


2 


3 


4 


5 


Compositions 


1-1 


1-2 


1-3 


1-4 


1-5 


Mixture (in parts) 


Component (a) 












tetraethox/silane 




30 


30 






methylsilicate (MS51) 








30 




methyttrimethoxysilane 


70 


70 


40 


70 


70 


methylsilicone resin*'* 










30 


dimethyldimethoxysilane 


30 




30 






Conponent (c) 












TiOa dispersed in water'^ 


250 


250 


250 


250 


250 


Conponent (f) 












di-l-propoxy-ethyl-acetoacetatealuminum hydrochloric add (10"^mol/l) 


10 


10 


10 


10 


10 


Solvent 


Water 


(200) 


(200) 


(200) 


(200) 


(200) 


i-propyi alcohol 


70 


70 


70 


70 


70 


diethyleneglycol-nrionoethylether 


70 


70 


70 


70 


70 


Additive (in parts) 


Component (g) 












acetylacetone 


10 


10 


10 


10 


10 



35 



40 



45 



SO 
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Tables 



Preparations 


6 


7 


8 


9 


CorrqposHions 


1-6 


1-7 


1-8 


1-9 


Mixture (in parts) 


Ck>mponen1 (a) 










tetraethoxysilane 










methylsilicate (MS51) 










methytrimethoxysilane 


70 


70 


70 


70 


methylsilicon resin*"* 










dimethykJimethoxysilane 




30 


30 


30 


polydimethylsiloxane^ 


30 








Component (c) 










T1O2 dispersed in water'^ 


250 




850 


40 


Ti02 dispersed in IPA'^ 




250 






Conrponent (f) 










di-i-propoxy-ethyl-acetoacetatealuminum 


10 




10 


10 


hydrochloric add (lO'^mol/I) 




30 






Solvent 


Water 


(200) 




(680) 


(32) 


i-propyl alcohol 


70 


55 


70 


70 


diethyleneglycol-monoethylether 


70 


55 


70 


70 


Additive (in parts) 


Conrponent (g) 










acetylacetone 


10 


10 


10 


10 



40 



45 



SO 
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Table 4 



Preparations 


10 


11 


12 


13 


14 


Conrposrtions 


11-1 


11-2 


11-3 


11-4 


11-5 


Mixture (in parts) 


Component (a) 












methylsilicate (MS51) 






40 




30 


methytrimethoxysilane 


70 


60 


60 


70 


40 


methytsilicone resin*^ 




40 








dimethyldimethoxysilane 


30 








30 


polydimethylsiloxane*^ 








30 




Component (b) 












(b-A) having 40% solids 


50 


50 


50 


50 




(b-B) having 40% sorids 










50 


Component (c) 












T1O2 dispersed in water*^ 


350 


350 


350 


350 


350 


Ti02 dispersed in IPA*^ 












Conponent (f) 












di-i-propoxy-ethyl-acetoacetatealumlnum 


10 


10 


10 


10 


10 


water 


(280) 


(280) 


(280) 


(280) 


(280) 


i-isopropyl alcohol 


100 


100 


100 


100 


100 


diethyleneglycol-monoethylether 


100 


100 


100 


100 


100 


Additive (in iDarts) 


Component (g) ... 












acetylacetone 


10 


10 


10 


10 


10 



40 



45 



SO 
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Tables 



Preparations 


15 


16 


17 


18 


Compositions 


11-6 


11-7 


11-8 


11-9 


Mixture (in parts) 


Component (a) 










tetraethoxysilane 










methylsillcate (MS51) 










methytrlmethoxysilane 


70 


70 


70 


70 


methylsilicone resin"* 










dimethyldimethoxysilane 


30 


30 


30 


30 


polydimethylsiloxane*^ 










Conponent (b) 










(b-A) having 40% solids 




50 


50 


120 


(b-B) having 40% solids 


50 








Conrponent (c) 










T1O2 dispersed in water*^ 




850 


40 


350 


Ti02 dispersed in IPA*^ 


350 








Component (f) 










di-i-propoxy ethyl-acetoacetatealuminum 


10 


10 


10 


10 


Water 


30 


(680) 


(32) 


(280) 


iiDropyl alcohol 


85 


100 


90 


100 


diethyleneglycol-monoethylether 


85 


100 


90 


100 


Additive (in parts) 


Component (g) 










acetylacetone 


10 


10 


10 


10 



40 



45 



SO 



55 
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table 6 



Preparations 


19 


20 


21 


22 


23 


Compositions 


11-10 


n-11 


11-12 


11-13 


11-14 


Mixture (in parts) 


Component (a) 












methytrimethoxysilane 




70 


70 


70 


70 


70 


dimetht/ldimethoxysitane 




30 


30 


30 


30 


30 


Component (b) 












(b2-A) having 40% solids 




50 










(b2-B) having 40% soiids 






50 








(b2-C) having 40% solids 








50 






(b2-D) having 40% soiids 










50 


30 


(b-A) having 40% solids 












20 


Component (c) 












T1O2 dispersed in waler*^ 




100 


100 


100 


100 


100 


TO2 dispersed in toluene*^ 














Component (0 












tris{ethy1acetoacetate)-alurrunum 


5 


5 


5 


5 


5 


water 




(70) 


(70) 


(70) 


(70) 


(70) 


methylethylketone 




200 


200 


200 


200 


200 


i-isopropyl alcohol 




50 


50 


50 


50 


50 


Additive (in parts) 


Component (g) 












acetylacetone 


5 


5 


5 


5 


5 
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Table? 



Preparations 


24 


25 


26 


27 


Compositions 


11-15 


11-16 


11-17 


11-18 


Mixture (in parts) 


Component (a) 










methytrimethoxysilane 


70 


70 


70 


70 


dimethyldimethoxysilane 


30 


30 


30 


30 


Conpon^ (b2) 










(b2-A) having 40% solids 


50 


50 


50 


50 


Component (c) 










T1O2 dispersed in water*^ 


12 


50 




100 


ZnO dispersed in toluene*® 






50 




Component (f) 










tris(ethylaceto-acetatealuminum 


5 


5 


5 


5 


Component (e) 










Si02 dispersed in MEK*'^ 










Water 


(8) 


(35) 


10 


(70) 


Methylethylketone 


160 


185 


160 


200 


l-propyl alcotx>l 


40 


45 


40 


50 


Additive (in parts) 


Component (g) 










acetylacetone 


5 


5 


5 


5 



35 

[0229] Throughout Tables 2 to 7. *1 to *7 are as follows, 

*1 : Methylsilicone resin (Mw:500) made by Shinetsu Chemical 

*2: Polydimethylsiloxane containing ethoxysilane (Mw:5.000) Mw made by Nippon Unica, 
40 *3: Anatase type titan oxide (20% concentration in solid) dispersed in water (pH4), 

''4: Anatase type titan oxide (20% concentration in solid) dispersed in l-propytalcohol, 
*5: Anatase type titan oxide (30% concentration in solid) dispersed In water (pH4). 
*6: Zinc oxide (30% concentration in solid) dispersed in toluene. 
*7: Silica sol (30% concentration in solid) dispersed in methylethylketone. 

45 

Preparation 28 (of the conrposition for overcoating) 

[0230] In a reactor equipped with a stinrer and a circulating cooler, a combination of the components (excluding th 
additive component) listed in Table 8 were mixed up and stirred for reaction at 60 °C for 4 hours. Then, the mixture was 
so added with 5 parts of acetylacetone. stirred for one hour, and cooled down at a room temperature. The mixture was fur- 
ther added with i-propyl alcohol, diethylglycol monoethylether, and methnol of the additive component to yield the over- 
coating composition (i-10) having a solid concentration of 10 %. 

Preparations 29 and 43 (of the composition for overcoating) 

55 

[0231 ] In a reactor equipped with a stirrer and a circulating cooler, a combination of the components (excluding the 
conponent (c). the water, and the additive component) listed in Tat>le 8 or 1 0 were mixed up and heated to 50 *C while 
being stirred. Then, the mixture was added with 30 parts of water by drop application throughout a period of 30 minutes 



29 
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and left for reaction at 60 for 4 hours. The mixture was then added with 5 parts oi acetylacetone, stirred for one hour, 
and cooled down to a room temperature. The mixture was further added with the conponent (c) and the additive com- 
ponent containing i-propyl alcohol, diethylglycol monoethyiether, and methnol listed in Table 8 or 10 to yield the over- 
coating compositions (1-1 1) and (11-22) having a solid concentration of 10 %. 

5 

Preparations 30 to 39 and 44 to 46 (of the conposition for overcoating) 

[0232] In a reactor equipped with a stiner and a circulating cooler, a combination of the components (excluding the 
component (c), the component (e), the water, and the additive component) listed in Table 8 or 10 were mixed up and 
10 heated to 50 *C while being stined. Then, the mixture was added with 30 parts of water by drop application throughout 
a period of 30 minutes and left for reaction at 60 *C for 4 hours. The mixture was then added with 5 parts of acetylace- 
tone. stirred for one hour, and cooled down to a room temperature. The mixture was further added with the conponent 
(c), the conponent (e). and the additive component containing i-propyl alcohol, diethylglycol monoethyiether, and meth- 
nol listed in Table 8 or 10 to yield the overcoating compositions (1-12) to (1-21) and (11-23) to (il-25) having a solid con- 
is c ntrationof 10%. 

Preparations 40 to 42 (of the composition for overcoating) 

[0233] In a reactor equipped with a stirrer and a circulating cooler, a combination of tiie components (excluding the 
20 component (e) and the additive component) listed in Tatrfe 1 1 were mixed up arxJ stirred for reaction at 60 *C for 4 
hours. Then, tfie mixture was added with 6 parts of acetylacetone. stirred for one hour, and cooled down to a room tem- 
perature. The mixture was furtiier added with the conponent (e) and the additive conponent containing i-propyl alco- 
hol, diethylglycol monoetiiyiether. and methnol listed in Table 11 to yield the overcoating compositions (11-19) to (11-21). 

25 



30 



35 



40 



45 



50 



55 
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Tables 



Preparations 


28 


29 


30 


31 


32 


33 


Compositions 


1-10 


Ml 


1-12 


1-13 


1-14 


1-15 


Mixture (in parts 


) 


Component (a) 














methytrimethoxysilane 


101 


101 


81 


81 


122 


122 


dimethykJimethoxysilane 








16 


16 


16 


3-glycidydoxyprop/l- 






14 








trimethoxysilane 














(a2-1) 


50 


50 










(a2-2) 






50 








(a2-3) 








50 






(a2-4) 










30 


30 


Component (c) 














T1O2 dispersed in water (20%) 


300 


150 


150 


200 


300 


150 


Component (e) 














colloidal silica (30% methanol dispersion) 




100 








100 


colloidal alumina (20% water dispersion) 






150 








water 




30 


30 


30 


30 


30 


i-propylalcohol 


82 


152 


158 


156 


135 


135 


Component (f) 














di-i-propoxy-ethyl-acetoacetatealuminum 


5 


5 


5 


5 


5 


5 


Additive (in parts) 


Conponent (g) 














acetylacetone 


5 


5 


5 


5 


5 


5 


i-propylalcohol 


355 


339 


322 


289 


322 


339 


diethyleneglycol-nrwnoethylether 


355 


339 


322 


289 


322 


339 


methanol 


355 


339 


322 


289 


322 


339 



45 
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Tables 



Preparations 


34 


35 


36 


37 


38 


39 


Compositions 


M6 


1-17 


MB 


1-19 


1-20 


1-21 


Mixture (in parts 


) 


Component (a) 














methytrimethoxysilane 


122 


122 


122 


81 


81 


81 


dimethyldimethoxysilane 














3-g lycidoxypropyl- 


14 


14 




14 


14 


14 


trimethoxysilane 














(a2-1) 








20 


20 


20 


(a2-2) 














{a2-3) 














(a2-4) 


30 


30 


40 


30 


30 


30 


Component (c) 














TIO2 dispersed in water (20%) 


300 


200 


150 


300 


200 


150 


Conponent (e) 














colloidal silica (30% methanol dispersion) 






100 






100 


colloidal alumina (20% water dispersion) 














water 


30 


30 


30 


30 


30 


30 


iiDropylalcohol 


137 


137 


141 


158 


158 


158 


Component (f) 














di-i-propoxy-ethyl-acetoacetatealuminum 


5 


5 


5 


5 


5 


5 


Additive (in parts) 


Component (g) 














acetylacetone 


5 


5 


5 


5 


5 


5 


i-propylalcohot 


322 


289 


339 


322 


289 


339 


diethyleneglycol-monoethytether 


322 


289 


339 


322 


289 


339 


methanol 


322 


289 


339 


322 


289 


339 



45 (wherein. (a2-1) is a trrfunctional oligomer (Mw:800) containing terminal alkoxysilyl group, (a2-2) is a trifunctional oli- 
gomer (Mw: 8.000) containing terminal alkoxysilyl group. (a2-3) is a trifunctional oligomer (Mw.-35,000) containing ter- 
minal alkoxysilyl group, and (a2-4) is a bifunctional oligomer (Mw: 10.000) containing terminal alkoxysilyl 
group/|X)1y(oxyethylene/ oxypropylene).) 
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Table 10 



Preparation 


40 


41 


42 


43 


Compositions 


11-19 


11-20 


11-21 


11-22 


Mixture (in parts) 


Corrponent (a) 










methytrimethoxysilane 


81 


81 


101 


101 


dimethyidimethQxysllane 


49 


32 


49 


32 


y-methacryloxypropyl-tri methoxysilane 






3 




Component (b) 










(b-A) having 40% solids 


75 


100 






(b-B) having 40% solids 






50 


75 


Component (c) 










colloidat silica (30% methanol dispersion). 


67 


100 




133 


colloidat silica (20% water dispersion) 






100 




Component (d) 










Tr02 dispersed in water (20%) 


100 


100 


150 


50 


Water 








25 


i-prop/l alcohol 


58 


56 


56 


33 


diethyleneglycol-monoethyl ether 


58 


56 


56 


33 


metharK)! 


58 


56 


56 


33 


Component (f) 










di-i-propoxy-ethyl-acetoacetatealuminum 


6 


6 


6 


6 


Additive (in parts) 


Component (g) 










acetylacetone 


6 


6 


6 


6 


i-prop/i alcohol 


285 


306 


283 


327 


diethyleneglycol-monoethyl ether 


285 


306 


283 


327 


methanol 


285 


306 


283 


327 



45 



SO 
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Table 11 



Preparation 


44 


45 


46 


Compositions 


11-23 


11-24 


11-25 


Mixture (in parts) 


Component (a) 








methytrimethoxysilane 


101 


61 


61 


dimethyldimethoxysilane 


32 


49 


49 


y-glycidydoxypropyl-trimethoxysilane 




14 


14 


y-methacryloxypropyl-trimethoxysilane 


2 


2 


2 


Component (b) 








(b-A) having 40% solids 


75 


75 




(t>B) having 40% solids 






75 


Component (c) 








colloidal silica (30% methanol dispersion) 


67 


67 


100 


colloidal alumina (20% water dispersion) 








Component (d) 








Tt02 dispersed in water (20%) 


100 


100 


100 


Water 


25 


25 


25 


Conrponent (f) 








di-i-propoxy-ethyl-acetoacetatealuminum 


6 


6 


6 


Additive (in parts) 


Conrponent (g) 








acetylacetone 


6 


6 


6 


i-propyl alcotK>l 


333 


336 


359 


dieth/leneglycol-nx)noethylether 


333 


336 


359 


methanol 


333 


336 


359 



40 

Preparations 47 to 51 (of the composition for undercoating) 

[0234] In reactor equipped with a circulating cooler, a combination of the ccxnponents (excluding the water and the 
additive component) as listed in Table 12 were mixed together, stirred, and added with 30 parts of water as being stirred 
45 for reaction at 60**C for 4 hours. Then, the mixture was combined with the additive component and cooled down to a 
room temperature to prepare a composition having 30% of a solid concentration. 100 parts off the conposition was 
mixed witii 100 parts off i-butyl alcohol and 100 parts of propyleneglycol monomethyletheracetate and further added 
with 10 parts of an i-propylalcohol solution (15% solids) of dioctyl-tin-dimaleate-ester to yield the undercoating compo- 
sitions (1-1), (i-2), and (ii-1) to (11-3). 

so 

Preparations 52 to 57 (of the composition for undercoating) 



[0235] In reactor equipped with a circulating cooler, a combination of the conponents (excluding the component 
(e), the ultraviolet light absorber, the water, and the additive conrponent) as listed in Table 13 were mixed and heated 
55 up to 50 **C while being stirred. Then, the mixture was added with 20 parts of water throughout a period of 30 minutes 
and left for reaction at 60 **C ffor 4 hours. Then, the mixture was conr±)ined with acetylacetone. stirred for one hour, and 
cooled down to a room tenperature. The mixture was further added with the conponent (e), the ultraviolet light 
aljsorber, and the additive conponent to yield the undercoating compositions (ii-4) to (ii-9). 
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Table 12 



Preparations 


47 


48 


49 


50 


51 


Compositions 


i-1 


i-2 


ii-1 


ii-2 


ii-3 


Mixture (in parts) 


Connponent (a) 












methytrimethoxysilane 


70 


70 


70 


70 


70 


dimethyldimethoxysilane 


30 


30 


30 


30 


30 


Connponent (b) 












(b-A) having 40% solids 






100 


100 


80 


(b2-A) having 40% solids 










20 


Component (d) 












ZnO dispersed in iPA"^ 




15 




15 


15 


Connponent (f) 












di-i-propoxy-ethyl-acetoacetatealuminum 


10 


10 


10 


10 


10 


Solvent 


water 


30 


30 


30 


30 


30 


i-propylalcohol 


30 


30 


30 


30 


30 


ethyleneglycol-monobutylether 


30 


30 


30 


30 


30 


Additive (in parts) 


Component (g) 












acetylacetone 


10 


10 


10 


10 


10 



C8: Zinc oxide disper&ed in t-propylaJcohol (30% concentration in solid). 



35 



40 



45 



so 
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Table 13 



35 



Preparations 


52 


53 


54 


55 


56 


57 


Conpositicwis 


ii-4 


ii-5 


ii-6 


ii-7 


ii-8 


ii-9 


Mixture (in parts) 


Component (a) 














methytrimethoxysilane 


41 


41 


71 


71 


71 


58 


dlmethykjimethoxysilane 


16 


16 


24 


24 


24 


19 


Ck>mponent (b) 














(b-A) having 40% solids 




175 








150 


(b-B) having 40% solids 


175 




125 


125 


125 




Component (d) 














ZnOg (IPA dispersion. 10% solids) 




200 










Ce02 (IBA dispersion, 10% solids) 


200 




300 








2.4-hydroxybenzophenone 








5 






2-(2'-hydroxy-5'-methylphenyl)ben20tria2ole 








15 






Component (e) 














colloidal silica (IPA dispersion, 10%) 






300 


300 


300 


300 


water 


20 


20 


20 


20 


20 


20 


i-propylalcohol 


54 


54 


62 


62 


62 


58 


methylethylketone 


27 


27 


31 


31 


31 


29 


Component (f) 














di-i-propoxyethyl-acetoacetatealuminum 


3 


3 


3 


3 


3 


3 


Additive (in parts) 


Corrponent (g) 














acetylacetone 


3 


3 


3 


3 


3 


3 


i-butylalcohol 


166 


166 


222 


222 


222 


166 


metylisobutylk^one 


417 


417 


444 


444 


444 


417 


ethyleneglycol-monobutylether 


83 


83 








83 



Examples 1 to 32 

45 

[0236] Each of the undercoating compositions listed in Table 1 2 was applied to the surface of a SOpm-thick PET film 
to have an undercoating of 1 \im in thickness when dried. Then, a corresponding type of the overcoating composition 
was applied to the undercoating to have an overcoating of 0.2 ^m in thickness when dried. After cured, a resultant coat- 
ing film was analyzed for a variety of the characteristics. 
so [0237] The result of the analysis is shown in Tables 1 4 to 1 7. 
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Table 14 



Examples 


1 


2 


3 


4 


5 


6 


7 


8 


Undercoating 


i-1 


i-2 


ii-1 


ii-2 


p-1 /i-1 


Ii-2 


ii-2 


ii-2 


Overcoating 


1-1 


1-1 


1-1 


1-1 


1-1 


1-2 


1-3 


M 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pendl hardness 


3H 


3H 


3H 


3H 


3H 


3H 


3H 


3H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to nrtolsture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to louling 


@ 


® 


® 


® 


® 


@ 


@ 


@ 


Transparency 


O 


O 


O 


O 


o 


O 


O 


O 


Table 15 


Examples 


9 


10 


11 


12 


13 


14 


15 


16 


UrKlercoating 


ii-2 


ii-2 


il-2 


ii-2 


ii-2 


ii-2 


ii-2 


ii-2 


Overcoating 


1-5 


1-6 


1-7 


1-8 


1-9 


11-1 


lt-2 


11-3 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pencil hardness 


3H 


3H 


3H 


3H 


3H 


2H 


2H 


2H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to moisture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to fouling 


@ 


® 


® 


® 


® 


® 


® 


® 


Transparency 


O 


O 


O 


O 


O 


O 


O 


O 


Table 16 


Examples 


17 


18 


19 


20 


21 


22 


23 


24 


unoercoaiing 


ii-2 


ii-2 


ii-2 


11-2 


ii-2 


tr 

U'C 




:: f\ 


Overcoating 


11-4 


(1-5 


11-6 


11-7 


11-8 


11-9 


IMO 


11-11 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pencil hardness 


2H 


2H 


2H 


2H 


2H 


2H 


3H 


3H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 
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Table 16 (continued) 



Cva nr^rkf AC 


1 / 


1 o 


ly 


20 


21 


22 


23 


24 


LJiHJercOallf 




ii O 




ii-2 


ii-2 


ii-2 


li-3 


ii-2 


w ver coaii ng 


II A 


II C 


II c 


11-7 


11-8 


11-9 


11-10 


11-11 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


mood 




Resistance to moisture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to fouling 


@ 


@ 


® 


® 


® 


® 


® 


® 


Transparency 


O 


O 


O 


O 


O 


O 


O 


O 



Table 17 



Examples 


25 


26 


27 


28 


29 


30 


31 


32 


Undercoating 


ii-2 


ii-2 


ii-2 


ii-2 


ii-2 


ii-2 


ii-2 


ii-2 


Overcoating 


IM2 


11-13 


IM4 


11-15 


11-16 


11-17 


11-18 


11-19 


Adhesion (plece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pencil hardness 


3H 


3H 


3H 


3H 


3H 


3H 


3H 


3H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to moisture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to fouling 


® 


® 


® 


® 


® 


® 


® 


® 


Transparency 


O 


O 


O 


O 


O 


O 


O 


O 



40 Examples33 to 100 

[0238] Each of the undercoating compositions was applied to the surface of a 50 ^im-thick PET f Om to have an 
undercoating of 1 ^m in thickness when dried. Then, a corresponding type of the overcoating conposition was applied 
to the undercoating to have an overcoating of 0.1 ^m in thickness when dried. After cured, a resultant coating film was 
45 analyzed for a variety of the characteristics. 

[0239] The result of the analysis is shown in Tables 1 8 to 26. 



Table 18 



Examples 


33 


34 


35 


36 


37 


38 


39 


40 


undercoating 


n-4 


ii-4 


ti-4 


n-4 


ti-4 


ii-4 


ii^ 


ii-4 


Overcoating 


1-10 


1-11 


1-12 


1-13 


1-14 


1-15 


1-16 


M7 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pendl hardness 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


Resistar>ce to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 
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Table 18 (continued) 



Examples 


33 


34 


35 


36 


37 


38 


39 


40 


Undercoattng 


ii-4 


ii-4 


ii-4 


ii-4 


ii-4 


ii-4 


ii-4 


ii-4 


Overcoating 


1-10 


1-1 1 


1-12 


1-13 


1-14 


1-15 


1-16 


1-17 






good 




good 


good 


good 


good 


good 


Resistance to moisture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to fouling 


@ 


® 


® 


® 


® 


® 


® 


® 


Transparency 


O 


O 


O 


O 


O 


O 


O 


O 



Table 19 



Examples 


41 


42 


43 


44 


45 


46 


47 


48 


Undercoating 


ii-4 


ii-4 


ii-4 


it-4 


ii-5 


ii-5 


ii-5 


ii-5 


Overcoating 


MS 


1-19 


1-20 


1-21 


1-10 


1-12 


1-14 


1-16 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pencil hardness 


4H 


4H 


4H 


4H 


4H 


3H 


4H 


3H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to moisture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to fouling 


® 


® 


® 


® 


® 


® 


® 


@ 


Transparency 


O 


O 


O 


O 


O 


O 


O 


O 



Table 20 



Examples 


49 


50 


51 


52 


53 


54 


55 


56 


Undercoating 


ii-5 


Ii-5 


ii-5 


ii-6 


ii-6 


ii-6 


ii^ 


ii-6 


Overcoating 


1-17 


1-19 


1-21 


1-10 


1-11 


1-12 


1-13 


1-14 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pencil hardness 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


Ro^i&tAnnA in alkalis 


ftftorl 


nnnci 


nnnci 


nnnci 


nnnci 


good 


nnnci 


nnrtci 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to mdsture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 
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Table 20 (continued) 



Examples 


49 


50 


51 


52 


53 


54 


55 


56 


Undercoating 


ii-5 


ii-5 


ii-5 


ii-6 


ii^ 


ji-6 


ii-6 


ii-6 


Overcoating 


1-17 


M9 


1-21 


MO 


Ml 


M2 


M3 


M4 


Resistance to fouling 


® 


® 


@ 


® 


® 


@ 


® 


® 


Transparency 


O 


O 


O 


O 


O 


O 


O 


O 



Table 21 



Examples 


57 


58 


59 


60 


61 


62 


63 


64 


Undercoating 


ii-6 


ii-6 


ii-6 


ii-6 


ii-7 


ii-7 


ii-7 


ii-7 


Overcoating 


MS 


1-16 


1-17 


MS 


MO 


1-11 


1-13 


1-15 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pendl hardness 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to moisture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to fouling 


® 


® 


® 


® 


® 


® 


® 


® 


Transparency 


O 


O 


O 


O 


O 


o 


O 


O 
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Table 22 



Examples 


65 


66 


67 


68 


69 


70 


71 


72 


Undercoating 


ii-7 


ii-7 


ii-7 


ii-7 


ii-8 


ii-8 


ii^ 


ii-8 


Overcoating 


1-16 


1-17 


1-18 


1-20 


1-10 


1-15 


1-18 


1-21 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pendl hardness 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to moisture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


QOOd 


QOOd 


oood 


aood 


oood 


aood 


good 


Resistance to fouling 


® 


® 


® 


@ 


® 


® 


® 


® 


Transparency 


O 


O 


O 


O 


O 


O 


o 


o 
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Table 23 



Examples 


73 


74 


75 


76 


77 


78 


79 


80 


Undercoating 


ii-9 


ii-9 


ii-9 


ii-9 


ii-9 


ii-9 


ii-9 


ii-9 


Overcoating 


MO 


1-13 


1-14 


1-15 


1-17 


1-18 


1-19 


1-21 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pencil hardness 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


4H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to moisture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to fouling 


@ 


@ 


® 


® 


® 


® 


® 


® 


Transparency 


O 


O 


O 


O 


O 


O 


O 


O 



Table 24 



Examples 


81 


82 


83 


84 


85 


86 


87 


88 


Undercoating 


ii-4 


ii-4 


ii-4 


ii-4 


ii-4 


ii-4 


ii-4 


ii-5 


Overcoating 


IM9 


11-20 


11-21 


11-22 


11-23 


11-24 


11-25 


11-19 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pencil hardness 


3H 


3H 


3H 


3H 


3H 


2H 


3H 


3H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to chemicals 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to mdsture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to foiiing 


® 


@ 


® 


@ 


® 


® 


® 


@ 


Transparency 


O 


O 


O 


O 


O 


O 


O 


O 



Tatiie 25 



Examples 


89 


90 


92 


92 


93 


94 


95 


96 


U Piu cTCoati ng 


*t-\J 


:: /> 

II -V 


:: 


:: 


:: 


:: f 




:: -7 
II- / 


Overcoating 


11-24 


11-19 


11-20 


11-21 


11-24 


11-25 


11-19 


11-24 


Adhesion (piece/100) 


100 


100 


100 


100 


100 


100 


100 


100 


Pendl hardness 


2H 


3H 


3H 


3H 


3H 


2H 


3H 


3H 


Resistance to alkalis 


good 


good 


good 


good 


good 


good 


good 


good 
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Table 25 (continued) 



Examples 


89 


90 


92 


92 


93 


94 


95 


96 


Undercoating 


ii-5 


ii-6 


ii-6 


ii-6 


ii-6 


ii-6 


ii-7 


il-7 


Overcoating 


11-24 


11-19 


11-20 


11-21 


11-24 


11-25 


11-19 


11-24 


Resistance to chemicals 


oooH 










good 


good 


good 


Resistance to moisture 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


good 


good 


good 


good 


Resistance to fouling 


® 


® 


® 


® 


® 


® 


® 


® 


Transparency 


O 


O 


O 


O 


O 


O 


O 


O 



Table 26 



Examples 


97 


98 


99 


100 


Undercoating 


ii-7 


ri-8 


ii-9 


ii-9 


Overcoating 


11-25 


11-19 


11-19 


11-24 


Adhesion (piece/100) 


100 


100 


100 


100 


Pencil hardness 


2H 


3H 


3H 


3H 


Resistance to alkalis 


good 


good 


good 


good 


Resistance to chemicals 


good 


good 


good 


good 


Resistance to nrtoisture 


good 


good 


good 


good 


Resistance to climate 


good 


good 


good 


good 


Resistance to water 


good 


good 


good 


good 


Resistance to fouling 


® 


® 


® 


® 


Transparency 


O 


O 


O 


O 



40 Examples 101 to 120 

[0240] Each of the undercoating compositions was applied to the corresporxling substrate listed in Tatiie 27 and 
dried. Then, a corresponding type of the overcoating composition was applied to the undercoating and dried for curing. 
A resultant coating film was analyzed for the adhesion and the resistance to climate. The result of the analysis is shown 
45 in Table 27. 



so 



55 
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Table 27 







Substrate 


Undercoat 


Overcoat (thick- 


Adhesion 


rtesisiance lo 


rieststance to 


5 






(thickness in 


ness in ^lm) 




dimate 


fouling 








urn) 












Examples 
















101 


Acryl film 


ii-2(1) 


1-1(0.2) 


100 


good 


o 


10 


102 


(50jim thicJ^ 


ii-2(1) 


11-1(0.2) 


100 


good 


o 




103 




iM(1) 


1-17(0.1) 


100 


good 


o 




104 




ii-5(1) 


1-17(0.1) 


100 


good 


o 


15 


105 




ii-9(1) 


1-17(0.1) 


100 


good 


o 




106 




"-9(1) 


1-18(0.1) 


100 


good 


o 




107 




ii-4(1) 


11-19(0.1) 


100 


good 


o 




108 




ii-5(1) 


11-24(0.1) 


100 


good 


o 


20 


109 




ii-7(1) 


11-25(0.1) 


100 


good 


o 




110 




ii-9(1) 


11-25(0-1) 


100 


good 


o 




111 


PC film 


ii-2(0.5) 


1-1(0.2) 


100 


good 


o 


25 


112 




ii-2(0.5) 


11-1(0.2) 


100 


good 


o 




113 




ii-4(1) 


1-10(0.1) 


100 


good 


o 




114 




ii-6(1) 


1-16(0.1) 


100 


good 


o 




115 




ii-7(1) 


1-17(0.1) 


100 


good 


o 


30 


116 




ii.9(1) 


1-18(0.1) 


100 


good 


o 




117 




ii-4(1) 


11-19(0.1) 


100 


good 


o 




118 




ii-6(1) 


11-25(0.1) 


100 


good 


o 


35 


119 




"-7(1) 


11-20(0.1) 


100 


good 


o 




120 




ii-9(1) 


11-21(0.1) 


100 


good 


o 



Effect of the invention 

40 

[0241] The composrtion according to the present invention enables to provide a film which is improved in the resist- 
ance to fouling, the durability, and the transparency and has a photocatalytic function. The photocatalyst coating film 
made of the composition of the present invention can successfully be used preferably as a window film or more partic- 
ularly as an automobile window film, a structure or house window f ilm. a protective film, an UV barrier film, and an anti- 
45 fogging film. 

[0242] A film which Is improved in the resistance to fouling, the durability, and the transparency and has a photocat- 
alytic function is provided by a method of making photocatalyst contained coating layers which comprises the steps of 
forming on the surface of an organic film an (under) coating of a coating composition composed mainly of at least on 
component (a) selected from organosilanes. hydrolyzates of the organosilanes. and condensates of the organosilanes 
so and, v^hen desired, a polymer componerrt (b) having a silyl group containing silicon atoms bonded with a hydrolytic 
group and/or a hydroxy group, and forming on the (under)coating an (over)coatlng of a coating composition composed 
mainly of the component (a), a photocatalyst and. if d^ired, the conponent (b). 

Claims 

55 

1 . A method of making photocatalyst contained coating layers comprising the steps of providing a coating layer of the 
conposition (i) or (ii) on the surface of an organic film and providing a coating layer of the composition (I) or (II) on 
the coating layer, wherein: 
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the composition (i) is a coating composition containing at least one conponent (a) selected from organosi- 
lanes, hydrolyzates of the organosilanes, and condensates of the organosilanes represented by Formula 1 

(Ri)nSi(0R2)^n (1) 

5 

(wherein. is a monovalent organic group having 1 to 8 cartx>n atoms: when two exist, they are either iden- 
tical to or different from each other; R^ is an alkyi group having 1 to 5 cartoon atoms or an acyl group having 1 
to 6 cartx)n atoms: when two exist, they are either identical to or different from each other; and n is an integer 
ranging from 0 to 2); 

10 the composition (ii) is a coating composition containing the conrponent (a) and a polymer conponent (b) hav- 

ing a silyl group having silicon atoms bonded with a hydrolytic group and/or a hydroxy groip; 
the conpositlon (I) is a coating conposition containing the component (a) and a photocatalyst (c); and 
the conposition (II) is a coating conposition containing the conponent (a), the conponent (b). and the photo- 
catalyst (c). 

15 

2. A method of making photocatalyst contained coating layers according to claim 1 . wherein the component (b) in the 
conposition (ii) is at least a suk>stance selected from polymers having a structural unit expressed by Formula 2 



25 



II ...(2) 

— (C— C) — 



30 



35 



40 



(wherein, R^ to R^ are C,nY2m+i . m is an integer ranging from 0 to 5. and Y is selected from F. H. and CI separately) 
and/or a structural unit expressed by Formula 3 

II ... (3) 

— (C— C) — 

I I 
R^ O 

I 

Rf 



(wherein, Rf is an alkyI group or an altoxyalykyi group having fluorine atoms and R^ to R^ are analogous to those 
in Formula 2 or may be nrKxdified without departing from the term of analogy), and simultaneously having a silyl 
groip having silicon atoms bonded with a hydrolytic group and/or a hydroxy group. 

45 

3. A method of making photocatalyst contained coating layers according to claim 1 , wherein the component (b) in the 
composition (II) is at least a suljstance selected from polymers having a structural unit expressed by Formula 2 
and/or a structural unit expressed by Formula 3 and simultaneously having a silyl group containing silicon atoms 
bonded with a hydrolytic group and/or a hydroxy grotp. 

so 

4- A method of making photocatalyst corttained coating layers according to claim 1 , wherein the comoositron (i) or (ii) 
further contains an ultraviolet light absoriber (d). 

5, A method of making photocatalyst contained coating layers according to claim 1 . wherein tiie conposition (0 or (II) 
55 further contains a colloidal silica and/or a colloidal alumina (e). 

6. A method of making photocatalyst contained coating layers according to claim 1 , wherein the composition (i) or (It) 
further contains a collddal silica and/or a colloidal alumina (e). 
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7. A method of making photocatalyst contained coating layers according to claim 1 . wherein the component (a) in at 
least one of th compositions (i). (ii), (I), and (II) has partially or at its entirety an SiO bond and a siloxane oligomer 
of which the weight average nrx)lecular weight ranges from 300 to 100.000, 

8. A method of making photocatalyst contained coating layers according to claim 1 . wherein at least one of the com- 
positions (i), (ii), (I), and (II) has a curing catalyst (f). 

9. A method of making photocatalyst contained coating layers according to daim 7. wherein the curing catalyst (f) is 
an organic metal compourKl. 

10. A method of making photocatalyst contained coating layers according to claim 1 . wherein at least one of the com- 
positions (i). (ii). (I), and (II) contains at least a compound selected from p<fiketones and p-ketoesters (g) 
expressed by F=brmula 4 

R^COCH2CX)R^ (4) 

(wherein, is a monovalent hydrocartxjn group having 1 to 6 carixxn atoms, such as methyl, ethyl, n-propyl. i-pro- 
pyl, n-butyl. sec-t)utyl. t-butyl, n-pentyl, n-hexyl. cyclohexyt. or phenyl, and R^ is either a nrronovalent hydrocartx>n 
group having 1 to 6 carbon atoms, like R®. or an alkoxy group having 1 to 16 carbon atoms, such as methoxy. 
ethoxy, n-propoxy, i-propoxy. n-butoxy, sec-butoxy. t-butoxy, lauryk>xy. or stearytoxy). 

11. A photocatalyst coating film produced by providing coating layers on the surface of an organic film with the use of 
a method of making photocatalyst contained coating layers defined in any of daims 1 to 10. 
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